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Pulte Homes, a production home builder and community developer partnering 
with the U.S. Department of Energy’s Building America program, has 
collaborated with the Center for Energy Research at the University of Nevada, 
Las Vegas and NV Energy, the local electric utility, on an energy conservation 
project in the Las Vegas Valley. 
 This study entails four model homes at a new development in the Summerlin 
community of Las Vegas, Nevada, named Villa Trieste. The home models, 
ranging in floor plan area from 1,487 to 1,777 square feet, have been constructed 
under the Environments for Living program and are LEED (Leadership in Energy 
and Environmental Design) platinum certified. According to the Home Energy 
Rating System (HERS) Index, all four models are over 50% more efficient than 
homes of equal size built with standard construction methods. 
 The study focuses on the cost benefit of including specific energy efficient 
upgrades in future homes built at the development. Though all proposed 
  
iv
upgrades offer reductions in energy use, most offer little improvement relative to 
their additional installation costs. High-efficiency windows and heat recovery 
ventilators have been deemed appropriate upgrades for future homes. All homes 
at the development are to be equipped with photovoltaic arrays; increasing the 
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Over the past decade, there has been renewed interest in ecological 
conservation and greater scrutiny of man’s impact on the environment. A 
common theme of this controversial debate has centered on the amount of fossil 
fuels burned to drive the world’s economies. Motives with varying degrees of 
validity – scarcity of proven energy reserves, repercussions of carbon emissions, 
dependency on foreign oil, national security – have led to a heightened focus on 
energy issues. An escalating number of researchers are pursuing methods to 
limit consumption and investigating ways to derive energy from renewable 
sources.  
In the developed world, buildings account for 40% of primary energy 
consumption and 70% of electricity use [1]. As a consequence, the building 
sector in developed countries is responsible for 40% of atmospheric emissions, 
and the trend continues to grow. World building energy consumption, estimated 
at 72.2 quadrillion Btus (British thermal units) in 2004, is expected to rise more 
than 50% by the year 2030 to 109.7 quadrillion Btus. The rapid increase in 
demand necessitates greater use of energy conservation methods and further 
innovation of on-site power generation strategies.  
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Energy conservation measures in residential buildings, the topic of study in 
this report, have the potential to drastically reduce the nation’s energy demands. 
Residential buildings use over one-fifth of the nation’s energy [2]. Because coal 
accounts for half of the nation’s electricity production and natural gas constitutes 
another 20%, advancements made in the building sector can clearly lower fossil 
fuel consumption.  
Significant improvements in building performance have been achieved over 
the past several decades. Homes built between 2000 and 2005 use 18% less 
energy per square foot than those built in the 1980s and 30% less than those 
built in the 1950s [2]. However, the average American home has increased in 
size from 1,000 square feet in 1950 to 2,400 square feet as of 2004 [3]. At the 
same time, the number of residents per household has decreased from 3.6 
people in 1950 to 2.7 people in 2004. Coupled with general population gains, 
there are now more than 110 million homes in the U.S. In response to growing 
energy demands, the federal government is making efforts towards reducing 
residential utility loads. Earlier this year, a presidential initiative was enacted to 
weatherize at least one million homes of low-income families over the next 
decade in hopes of reducing utility bills 20%-40% [4].  
From a regional standpoint, the sudden influx of residents into the Las Vegas 
Valley has drastically increased demand on the electric grid, compelling the local 
electric utility, NV Energy, to heavily invest in the construction of new power 
plants. Due to increased demand for renewable energy and awareness of climate 
change issues, the Public Utilities Commission of Nevada established a set of 
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renewable energy portfolio standards in 1997. The commission’s standards 
required the state’s two investor-owned utility providers, Nevada Power and 
Sierra Pacific Power (the two companies have since joined and are now known 
as NV Energy), to generate or purchase energy from renewable sources [5]. 
These renewable sources include wind power, photovoltaics (PV), biomass, and 
geothermal energy. The portfolio standards were revised in 2001 and again in 
2005; each new revision called for increased renewable energy standards. The 
most recent revision required the utilities to obtain 6% of their energy from 
renewable sources beginning in 2005. The requirements rise incrementally 
thereafter, culminating with a 20% renewable energy standard in 2015. At least 
5% of each year’s renewable energy must originate from solar resources and up 
to one-quarter of each year’s requirement can be met by efficiency measures.  
 
Villa Trieste 
A new housing development is currently under construction by Pulte Homes, 
a residential community developer that has built more than 330,000 homes over 
the past 50 years. In the mid-1990s, the developer began working in 
collaboration with the Building America program, a sector of the U.S. Department 
of Energy with stated goals to develop a system that will reduce home energy 
consumption 50% by 2010 and 90% by 2020, relative to conventional building 
practices [6]. Through the program, the developer has focused on improving 
home performance and value while minimizing raw material consumption and 
overall construction costs. The developer has since improved the performance of 
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their homes and has gained valuable experience involving on-site renewable 
power systems [7]. Over the past several years, the developer has constructed 
production homes with scores near 70 on the HERS (Home Energy Rating 
System) Index, representing a home 30% more efficient than an equally-sized, 
conventionally-built home.  
The HERS Index was established by RESNET (Residential Energy Services 
Network), a national non-profit organization whose standards are recognized 
throughout the building industry. The most recent version of the HERS Index 
assigns a score of 100 to homes built to 2006 International Energy Conservation 
Code (IECC) standards. A score of 0 refers to a home that consumes no net 
energy over the course of a year. Each 1% increase in energy efficiency 
corresponds to a one-point decrease on the HERS Index. To qualify as an 
Energy Star home in the Las Vegas Valley, as set by the U.S. Department of 
Energy and Environmental Protection Agency, a HERS Index of 85 or less is 
required. 
The development under study, named Villa Trieste, is located in the 
Summerlin master planned community on Las Vegas’ west side. The developer 
offers four base level homes at the development ranging from 1,487 to 1,777 
square feet in floor plan area, some with options to expand. Each of the four 
available units has been recently completed to serve as a model home in the 
development. The models are shown in Figure 1. The homes are detached, 
single-family units with two levels and attached garages. There are plans to 




Figure 1: The four model homes recently constructed at Villa Trieste. 
 
 
The community’s base level home models are expected to consume 65% less 
net energy than conventional homes of equal size [8]. Each home in the 
community will be LEED (Leadership in Energy and Environmental Design) for 
Homes platinum certified and built under the Environments for Living (EFL) – 
Green Certified program.  
In order to qualify for LEED certification, homes must satisfy several 
requirements focusing on energy and water conservation and environmentally-
friendly building practices. The LEED program is managed by the U.S. Green 
Building Council. The EFL Green Certified program, managed by Masco Home 
Services, was initiated in 2007. Homes built under the program are outfitted with 
environmentally friendly features and are provided with low heating and cooling 




Figure 2: Heating and cooling cost estimates provided by the EFL program.   




This study focuses on the cost benefit of including specific energy efficient 
upgrades in future homes at the development. Proposed options have been 
evaluated based on estimated energy savings relative to incremental costs. The 
incremental cost of a product is defined as the difference between the 
developer’s total installation price of a currently installed product and that 
product’s corresponding upgrade. 
 As a secondary objective, pursuing a mixture of appropriate efficiency 
features and minimally-sized PV arrays has been undertaken in an effort to 
design net zero electric homes.  A net zero electric home produces at least as 
much electrical energy as it consumes over the course of a year. Net zero 
electric homes typically consume natural gas for space heating, water heating, 
clothes drying, and cooking purposes.  
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Constructing a net zero electric home without battery storage is possible in 
Nevada due to the state’s utility regulations which allow net metering. Net 
metering regulations permit owners of on-site power generation systems, rated at 
less than one megawatt, to send any excess energy to the electric grid in 
exchange for energy credits that can be redeemed at a later date. In effect, net 
metered homes utilize the grid as battery storage. Unlike states such as 
Colorado, Nevada does not require utilities to financially reimburse homeowners 
for excess energy sent to the grid; energy credits continually roll forward to future 
billing cycles. It is therefore economically disadvantageous for a homeowner to 
size a PV system that will produce more electrical energy than the home will 
consume.  
Another aspect of home performance under study in this report focuses on 
the reduction of peak power loads. Peak loads occur in the Desert Southwest 
during summer afternoons when people generally return home from work and 
operate electrical equipment. Much of the demand is due to air conditioner use. 
The reduction of peak loads is of particular interest to the local electric utility 
because the power required to match demand during peak hours is typically 
more expensive to generate. This is true because some power plants are utilized 
only during peak hours, resulting in high costs per unit energy relative to plants 
that operate on a continuous basis. To meet rising demands in the Las Vegas 
Valley, the local utility is heavily investing in the construction of new power plants 
which, in turn, will cause electric rates to increase. In order to offset peak electric 
demands at the new development, a battery storage system will be installed.  
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Building Component Loads 
Figure 3 displays the building components commonly responsible for energy 
loads, averaged for all building types in developed countries [1]. The chart shows 
the extent of each component’s contribution to total energy demands. 
Components that comprise the thermal envelope show loads corresponding to 
their respective contribution of total space heating and cooling energy losses. 
The chart clearly demonstrates that no single solution will transform a 
conventional building into a low energy building.  
 
 
Figure 3: Average energy end-uses and component contributions to building 




Because each building component shares a portion of the energy load, the 
homes under study have been analyzed from a whole-system approach. The 
interactions among each home’s thermal envelope, mechanical system, and 
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electrical devices are taken into account and evaluated by a building energy 
simulation tool.  
Improvements in building performance can be achieved with innumerable 
design alterations, and for the purposes of this project, the most cost-effective 
alterations are viewed as the most attractive options. The cost-effectiveness of 
each possible change is reliant upon all of the building components and 
efficiency measures. For example, a home with high efficiency windows will have 
a lower cooling load than an identical home with standard windows. Likewise, a 
home with additional insulation will also have a lower cooling load. If both 
features are added to a home’s design, the cost-effectiveness of these 
interdependent features will depend on the order in which they are applied – the 
feature that is applied first will appear to have greater benefits than the feature 
that is applied second. In effect, the benefit of each successive upgrade is 
diminished by gains achieved with previous upgrades. To circumvent this issue, 
the analyses conducted in this study consider both the benefits of individual 
improvements as well as those provided by upgrade combinations. 
In a recent study by Johns Manville, a building products manufacturer, 54% of 
surveyed homeowners had taken steps towards reducing their homes’ energy 
consumption [4]. Of those who made efficiency upgrades, more than three-
quarters installed fluorescent lighting. Other top responses are shown below: 
1. Fluorescent lighting – 76% 
2. Caulking and sealing – 42% 
3. Energy efficient appliances – 39% 
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4. Attic insulation – 16% 
5. New furnace – 14% 
6. Solar panels – 0.9% 
The survey implies that the most popular upgrade options are those that are 
inexpensive and easy to implement. Installing fluorescent lights and sealing air 
gaps requires little money and time, while less common improvements such as 
furnace upgrades and new solar panels require high initial costs and can carry 
long payback periods.  
According to the U.S. Department of Energy, the additional cost of an energy 
efficient home, relative to an equally-sized home built to minimum standards, 
ranges from zero to $1500 or more [7]. In some instances, the cost of an efficient 
home is less expensive, owing to specific energy-saving features that offset the 
need for other products or materials. For example, a home that is built with 2”x6” 
wood studs may actually require less lumber than a home built with 2”x4” studs if 
advanced framing techniques are practiced to maximize stud spacing and 
minimize the use of studs in corners. In other cases, high efficiency windows and 
ventilation systems may decrease the capacity, and initial expense, of 
mechanical equipment. 
It is important to note that the results of this study cannot be applied uniformly 
to all residential buildings. Many factors must be taken into consideration when 
designing low energy buildings. Material costs, energy rates, and local climate all 
play a role in the design process. The project results do provide rough guidelines 
applicable to many homes, particularly those located in hot arid climates. 
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Because each proposed upgrade is evaluated on a cost basis, future changes in 
material costs and utility rates could render more of the proposed upgrades 
suitable for installation.   
 
Building Energy Simulation Software 
Several simulation programs were considered for this study. Programs were 
deemed appropriate if they permit relevant parameter inputs and are capable of 
tabulating energy consumption on an hourly basis. Programs were preferred if 
they utilize Typical Meteorological Year weather data (TMY2 or TMY3) and 
employ the U.S. Department of Energy’s DOE-2 simulation program. 
DOE-2 is an hourly simulation tool widely used in building design. The 
program is capable of calculating building performance based on local weather 
data, internal loads, equipment parameters, and operating conditions. The 
program is made up of two programs, LOADS and SYSTEMS. The LOADS 
program determines a building’s heating and cooling loads on an hourly basis. 
The SYSTEMS program simulates the performance of a building’s HVAC system 
and utilizes the results of LOADS to solve for indoor air temperature, overall 
hourly loads, and energy consumption.  
The following four programs were considered for this project. 
eQUEST 
An interface for the DOE-2 simulation engine, eQUEST is a user-friendly 
program designed for quick building energy analyses. The program is adequate 
for use as a preliminary rough estimation tool, but it has many design limitations. 
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For example, buildings could not be designed with multiple exterior wall 
assemblies or custom window energy factors.  
ENERGY-10 
ENERGY-10 was originally produced by the Sustainable Buildings Industry 
Council in collaboration with the Berkeley Solar Group, the Lawrence Berkeley 
National Laboratory, and the National Renewable Energy Laboratory (NREL) 
Center for Buildings and Thermal Systems. The program is specifically designed 
for commercial and residential buildings less than 10,000 square feet in floor plan 
area or buildings with one or two thermal zones. The program was deemed 
adequate for the project but had several drawbacks, including a lack of relevant 
input parameters. For example, hot water consumption, lighting, appliances, and 
other electrical equipment must be entered in terms of watts per square foot of 
living space. BEopt and EnergyGauge USA were recommended over ENERGY-
10 by a member of NREL’s building research department. 
BEopt 
BEopt, short for Building Energy Optimization, was designed by NREL to 
determine optimal designs for low energy and zero net energy buildings. BEopt is 
a user-interface that employs both the DOE-2 simulation engine (for thermal 
envelope losses, mechanical system loads, and lighting and appliance 
consumption) and the TRNSYS simulation engine (for water heating loads).  
BEopt does not allow for specific inputs. Instead, the user must choose 
options from a preset list of options. For example, air conditioner efficiency 
ratings range from 10 to 18 SEER (seasonal energy efficiency ratio). For the 
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study, a 20 SEER air conditioner is considered. This air conditioner could 
therefore not be included in the analysis with this program. Furthermore, because 
the program is relatively new, there is not yet a formal users’ manual. Any 
unforeseeable issues with the program would likely be difficult to resolve without 
directly contacting a member of NREL’s building research department. 
EnergyGauge USA 
EnergyGauge USA is a building energy analysis software program developed 
by the Florida Solar Energy Center (FSEC). The FSEC is a partner in the Energy 
Star Homes program and is an active member of RESNET. EnergyGauge USA is 
utilized in the U.S. Department of Energy’s Building America program.  
The program uses TMY3 weather data and the DOE-2 simulation tool with 
several enhancements to better model heat transfer and duct air leakage. The 
program offers inputs for nearly all parameters relevant to this study and 
calculates annual and hourly consumption values and HERS Index scores. The 






 The collaborating partners of the project identified several potential efficiency 
upgrades for the home models. After a preliminary evaluation of each building 
component was completed, current components were either declared satisfactory 
in their current state or were determined to be viable candidates for replacement.  
To qualify as a feasible efficiency measure in production home building, a 
building component must be cost-effective, have timely and straightforward 
installation procedures, and should be aesthetically acceptable by the majority of 
potential home buyers. Some well-documented energy saving techniques (e.g., 
straw-ball walls) are too time consuming and labor-intensive for production home 
building. Other options, such as LEDs (light emitting diodes) are too costly at the 
present time.  
  
Standard Efficiency Measures 
The following items have been installed in the four model homes and were 







 The developer has installed high-efficiency natural gas-fired furnaces in the 
model homes. The furnaces are manufactured by York and offer 92% AFUE 
(annual fuel utilization efficiency) ratings, a drastic improvement over the 78% 
AFUE federal minimum requirement. Installing higher efficiency furnaces was 
decidedly cost-prohibitive. Alternatives such as radiant floor heating and ground-
coupled heat pumps were not considered due to relatively high initial costs and 
foreseeable installation complications.   
Lighting 
 All permanent lighting fixtures come standard with compact fluorescent light 
bulbs (CFLs). CFLs are proven to be one of the most effective energy-saving 
products. A standard 60-watt incandescent bulb can be replaced by a 15-watt 
CFL with little or no noticeable change in lumens or color. Though the purchase 
price of CFLs is typically three to ten times higher than incandescent bulb prices, 
the life spans of fluorescent bulbs are six to fifteen times longer [9].  
As a secondary benefit, CFLs decrease a home’s overall cooling load 
because they emit roughly 75% less waste heat than similar incandescent bulbs. 
To demonstrate, consider a 60-watt incandescent light bulb that operates at a 
typical 10% efficiency, converting 90% of its energy input into heat. If the bulb is 
on for four hours each day, the heat output is 737 Btus and the energy 
consumption is 240 watt-hours per day. On the other hand, a 15-watt CFL that 




The savings is multiplied when considering the lighting requirements of an 
entire house. The homes under study have about 30 interior lighting fixtures 
each, not including plug-in lamps. If each fixture is on for an average of two hours 
per day, the savings achieved by using fluorescent lighting is more than $100 
annually for lighting purposes alone. When considering the energy savings 
achieved through decreased cooling demands, the savings are even greater. 
Over a five month cooling season, incandescent lighting would emit nearly 1.7 
million Btus into the interior space of a home. In order to remove this amount of 
heat with a 15 SEER air conditioner, 112 kilowatt-hours of energy are required. 
Fluorescent lighting in an equivalent home will emit 0.38 million Btus, requiring 
25 kilowatt-hours of electrical energy for cooling, a savings of nearly $10 per year 
at current electric rates. 
The continued use of CFLs in the homes’ permanent lighting fixtures and 
plug-in lamps will be at the discretion of the residents. Education on the benefits 
of fluorescent lighting, both environmental and economical, is paramount to 
ensure that residents will continue to use CFLs in the years to come.  
Exterior doors 
Highly insulated front doors have been installed on each model home. The 
doors are manufactured by Therma-Tru and are rated at R-7 (R-values have 
units of hr·ft2˚F/Btu), more than double the insulating capacity of standard R-3 
doors. Each home’s exterior garage door, providing access between the garage 
and interior space, is rated at R-3. Because garage temperatures do not fluctuate 
as widely as ambient temperatures, highly insulated garage doors are less critical 
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than those in direct contact with outdoor conditions. The rear exterior doors are 
comprised primarily of double-pane, low-emissivity glass, allowing natural light 
into living areas while minimizing solar heat gains.  
Dashboard displays 
Each model home is outfitted with a “dashboard display” that permits 
residents to monitor their power loads and cumulative energy consumption on a 
daily, monthly, and annual basis. The monitoring systems are internet-compatible 
and are capable of compiling the energy demands of every home in the 
development. This feature will allow residents to compare their consumption with 
others. Because the electric utility is inclined to shift energy demands from peak 
periods, advanced meters and future communication systems will allow the utility 
to offer rebates to residents with low peak period demands [10].  
The systems will offer an opportunity to study the effects that monitoring 
capabilities have on resident behavior. According to research by McMakin et al., 
residents are more likely to conserve energy if: 
• they see efficiency measures as a personal benefit rather than a 
lifestyle restriction, particularly regarding thermal comfort and 
physical health, and 
• energy savings are made clear and the information is displayed 
prominently [11]. 
Such a study could be viewed as a social-psychological experiment. Residents 
may reduce consumption for financial gains or, more notably, as a perceived 




Figure 4: The dashboard display included with all homes at the development. 
 
 
Tankless water heaters 
Rather than employing high efficiency storage-type water heaters, tankless 
natural-gas fired water heaters were installed in the model homes. The water 
heaters are manufactured by Rinnai and offer an energy factor (EF) of 82%. 
Tankless systems do not have the standby losses that require conventional 
heaters to continuously cycle on and off to maintain high temperatures. Tankless 
water heaters can offer great energy savings over conventional systems, 
particularly when hot water is used infrequently and there are extended periods 
of non-use (i.e., during nights and work days).  
Solar water heaters 
A thorough analysis of potential solar domestic hot water (SDHW) systems 
was undertaken during initial stages of the project. SDHW systems were 
considered and evaluated based on modeling studies performed by the Solar 
Rating and Certification Corporation (SRCC), a non-profit organization that has 
developed certification programs and national rating standards for solar energy 
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systems and equipment. In all, ten solar water heaters were evaluated. The 
results of this study are included in the Appendix. 
The implementation of SDHW systems, while proven energy-saving devices, 
particularly in the Las Vegas Valley, was deemed impractical when used in 
conjunction with tankless water heaters. From a cost standpoint, the initial 
expense of both a tankless water heater and a solar water heater was prohibitive. 
For example, the current homes are estimated to consume approximately 100 
therms (1 therm = 100,000 Btus) of natural gas annually for water heating. If 
solar water heaters were coupled with the current tankless systems, this demand 
would be reduced by roughly 50%, an annual savings of $57 at current utility 
rates. The most cost-effective SDHW available, based on SRCC evaluations, has 
a purchase price of over $2,200, not including the necessary copper piping, 
plumbing fittings, pipe insulation, and installation. Conservatively estimating the 
total installation cost at $3,000, the SDHW system would need to operate for 
over 30 years to recoup its initial expense (not including maintenance costs and 
assuming a 3% annual increase in natural gas costs). 
Additionally, in discussions with salespersons representing the ten SDHW 
manufacturers, only five stated that their systems could be interconnected with 
tankless heaters. One salesperson stated that coupling the SDHW system with a 
tankless heater would void the SDHW warranty. Those who recommended 
against coupling with tankless heaters stated that the key issue stems from the 




Because an SDHW system is dependent upon available solar radiation, the 
heat output of an SDHW system can fluctuate from city water inlet temperature 
(i.e., no heat output during nights and cloudy days) to temperatures that exceed 
domestic hot water requirements. Tankless heaters, on the other hand, release 
large amounts of thermal energy in a relatively short period of time, heating 
incoming municipal water, with a common temperature range of 55˚F to 70˚F, to 
temperatures of 120˚F or more. Tankless systems are not designed to raise 
water temperatures in small increments and thus may be incapable of heating 
incoming warm water to suitable levels. For example, if a flat-plate solar collector 
heats water to 100˚F, which is unsatisfactory for showers or dishwashing, a 
temperature increase of 20˚F-35˚F is necessary. A tankless unit may heat the 
incoming water an additional 50˚F and thus output dangerously hot water.  
Ultimately, it was determined that a single tankless water heater would suffice 
as a cost-effective means for hot water supply. SDHW systems are uncommon in 
production homes and carry potential installation issues due to a lack of qualified 
installers. No further improvements to the water heating system were deemed 
necessary. 
 
Proposed Efficiency Upgrades 
 The following items were proposed as upgrade options for future homes in 
the development. The incremental expenses associated with each upgrade were 
provided by the developer and its suppliers for one of the home models. These 
costs were linearly extrapolated for the remaining three models based on the 
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appropriate parameters. For example, the cost of increasing the floor cavity 
insulation in the 1,612 square foot home from R-19 to R-30 was estimated at 
$613. This home has a floor cavity area of 365 square feet, corresponding to an 
upgrade cost of $1.68 per square foot. This unit cost was then applied to the 
remaining three home models.  
Since the evaluation of efficiency upgrades is based upon the corresponding 
energy savings and initial expenses, upgrades that may be cost-effective for one 
home model may be less beneficial for others. Likewise, upgrades that are not 
economically viable now may be more suitable in the future if production costs 
decrease and/or utility rates increase.  
Exterior wall insulation 
 The majority of the exterior walls in the model homes were constructed with 
2”x4” wood studs. For structural purposes, some walls were constructed with 
2”x6” studs. The exterior wall cavities were filled with blown-in cellulose 
insulation, which was preferred over commonly-used fiberglass batts. Although 
cellulose and fiberglass have similar insulating values, when considering 
protection against infiltration, blown-in cellulose is the superior insulator. As 
shown in Figure 5, cellulose more effectively seals the entire wall cavity. 
Fiberglass batts, on the other hand, must be compressed to fit around 
obstructions. When batts are compressed, air pockets within the fiberglass are 
lost, resulting in degraded insulating capacity. Because blown-in cellulose fills all 





Figure 5:  Display of fiberglass batts (left) and blown-in cellulose (right). 
 
 
The cellulose used by the developer is rated at R-13 for a 2”x4” nominal stud 
cavity and R-19 for a 2”x6” nominal stud cavity. Between the exterior wall studs 
and the stucco finish, one-inch expanded polystyrene (EPS) has been installed to 
provide additional insulation and to further retard infiltration. The EPS is rated at 
R-4, creating an insulation capacity of R-17 for 2”x4” stud walls and R-23 for 
2”x6” stud walls. According to the 2006 International Energy Conservation Code, 
adopted as part of the building code in Clark County (which includes the Las 
Vegas Valley), residential buildings are required to have at minimum R-13 
exterior wall insulation [12].  
These ratings do not reflect the additional insulating capacities of the other 
wall layers, only the cellulose and EPS. Whole-wall assembly R-values can be 
calculated by following the parallel path flow method as outlined in the ASHRAE 
(American Society of Heating, Refrigerating and Air-Conditioning Engineers) 




Table 1: Example calculation – 2”x6” exterior wall insulation value 
Exterior wall layer Insulated cavity  R-value [hr·ft2˚F/Btu] 
Wood framing  
R-value [hr·ft2˚F/Btu] 
1. Outside surface, 15 mph wind 0.17 0.17 
2. Stucco finish 0.57 0.57 
3. 1" EPS foam board 4 4 
4. Cellulose loose fill, 5.5" thick 19 - 
5. Wood stud, nominal 2"x6" - 6.75 
6. Gypsum wall board, 1/2" thick 0.45 0.45 
7. Inside surface, still air 0.68 0.68 
Sum 25.32 13.07 
 
 
The insulating capacity of the wall fraction containing cellulose and that of the 
wall fraction containing lumber is calculated below. 
 
 Uinsulation = 1/Rinsulation = 1/25.32 hr·ft2˚F/Btu = 0.0395 Btu/hr·ft2˚F 
 Uwood = 1/Rwood = 1/13.07 hr·ft2˚F/Btu = 0.0765 Btu/hr·ft2˚F 
 Uext wall = ainsulationUinsulation + awoodUwood 
 = (0.77)(0.0395 Btu/hr·ft2˚F) + (0.23)(0.0765 Btu/hr·ft2˚F)  
   = 0.0480 Btu/hr·ft2˚F 
 
where: Uinsulation = insulating capacity of wall assembly with cellulose 
insulation [Btu/hr·ft2˚F] 
 Uwood = insulating capacity of wall assembly containing wood 
framing [Btu/hr·ft2˚F] 




 Rwood = R-value of wall assembly with wood framing 
[hr·ft2˚F/Btu] 
 Uext wall = average insulating capacity of whole wall assembly 
[Btu/hr·ft2˚F] 
 ainsulation = percentage of exterior wall face containing cellulose 
insulation = 77% 
 awood = percentage of exterior wall face containing wood 
framing = 23% 
 
The average insulating capacity of an exterior wall constructed with 2”x6” 
wood studs is therefore 0.0480 Btu/hr·ft2˚F. Taking the inverse of this value, the 
whole wall assembly is rated at R-20.8. This procedure can be followed for 
exterior walls of any composition.  
The proposal to increase the insulating capacity of the exterior walls was 
determined appropriate for further evaluation. The insulating capacity can be 
increased by either enlarging the wall thickness or by using an alternative 
insulation material.  
During the preliminary design phase, structurally insulated panels (SIPs) were 
suggested for use in the homes. SIPs, which consist of a layer of expanded 
polystyrene foam or extruded polystyrene foam sandwiched between two layers 
of oriented strand board, come in a variety of thicknesses and offer high R-
values. The idea was discarded, however, because there is no local provider and 
the product is too costly at the present time.  
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A spray foam insulation application was also considered for the exterior walls, 
but the material properties of the spray foam were not advantageous. The spray 
foam is rated at R-3.6 per inch while the cellulose is rated at R-3.75 per inch. The 
spray foam would likely decrease the natural infiltration of the homes, but the 
homes are already constructed with tight envelopes. Any further reduction in 
infiltration would lengthen the necessary operation time of the mechanical 
ventilation system, resulting in increased energy consumption. This option was 
thus discarded.  
Constructing all exterior walls with 2”x6” wood studs and installing R-19 
cellulose insulation was determined to be the most viable option. The incremental 
expense of this option was estimated at $1,438 to $2,679, depending on the 
current square footage of 2”x4” exterior walls in each of the home models. 
 
 





The windows in the home models are double-paned with low-emissivity 
coatings and vinyl frames, making them well insulated and resistant to solar heat 
gains. The energy specifications differ slightly among the various windows, but 
on average, the U-factors are approximately 0.340 and the solar heat gain 
coefficients (SHGCs) are approximately 0.32. These performance values are 
superior to 2006 IECC standards of U-0.650 and SHGC-0.40. For modeling 
purposes, the windows are assumed to have interior blinds that are closed half of 
the time. There is exterior shading on some windows from roof eaves and patio 
coverings.  
The overall effect of window U-factors and SHGCs is dependent on the local 
climate and window orientation. Unlike more tropical climates with hot summers 
and very mild winters, the Las Vegas Valley does experience winter 
temperatures that can dip below freezing. Solar heat gain benefits should 
therefore not be neglected when designing a home in the Las Vegas Valley.  
Windows with high SHGC values can transmit a large fraction of available 
solar radiation to heat a home’s interior space. This passive heating, while 
advantageous during winter months, will add to cooling loads during summer 
months. Ideally, a home should be oriented such that the façade with the highest 
fenestration area faces to the south. This southern wall should include windows 
with relatively high SHGC values to allow passive heating during winter months. 
Overhangs should be large enough to shade windows from the high summer sun 
but small enough to permit direct line-of-sight with the low winter sun. If this 
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configuration can be achieved, windows with relatively high SHGC values can 
lower a home’s heating load and have little adverse effect on the cooling load.  
In a cooling-dominant climate such as the Las Vegas Valley, windows with 
low SHGC values are particularly beneficial on east- and west-facing walls that 
draw large amounts of direct sunlight. Overhangs on these windows provide little 
protection from solar heat gains due to the low zenith angle of the sun during 
summer mornings and afternoons. Windows facing to the north are less affected 
by SHGC values as they receive little direct sunlight. 
Windows with lower U-factors and SHGC values have been proposed for 
future homes in the new development, but the benefits of high-performance 
windows will be limited due to the close proximity of neighboring houses. In order 
to limit land resource use as part of achieving LEED certification, the lot sizes in 
the development are relatively small. Neighboring homes are separated by 
roughly 10 feet on both sides and by about 25 feet in back. Shade from adjacent 
homes will drastically reduce the amount of direct sunlight that strikes each 
home’s windows, particularly first-level windows. Home performance is thus less 
dependent on SHGCs and more dependent on window U-factors, a measure of 
resistance to conduction heat transfer.  
For modeling purposes, simulations were run assuming the homes receive 
shading on three sides. Shading is beneficial during the cooling season, 
particularly for those homes with an extensive amount of east- or west-facing 
glass, but is detrimental in the heating season, particularly for homes with an 
extensive amount of south-facing glass. For homes that will only receive shading 
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on two sides, such as those that will be located on street corners, the winter 
heating loads will be slightly lower and the summer cooling loads will be slightly 
higher. 
Initially, windows with triple glazing or those with low-conductivity argon and 
krypton gas fills were considered for the project. But the incremental energy 
savings did not justify the additional expense of extremely high-performance 
windows. More moderately priced windows that offer slightly improved energy 
values, with average U-factors of 0.280 and average SHGCs of 0.23, were 
deemed acceptable for further evaluation. The windows are manufactured by 
Milgard and carry incremental costs ranging from $122 to $156 per house.   
Air conditioners 
 The mechanical systems were a main area of focus in this study because 
heating and cooling loads are typically responsible for half of a home’s total 
energy demand [14]. Air conditioners rated at 15 SEER were installed in the four 
model homes, a marked increase over the Clark County minimum of 13 SEER 
[15]. Due to water conservation concerns facing the Desert Southwest, 
evaporative coolers (also known as swamp coolers) were not considered for the 
development.  
Installing air conditioners with higher efficiency ratings was determined to be 
the most appropriate action to improve cooling performance. Two models 
manufactured by York, with SEER ratings of 17.5 and 20, respectively, were 
selected as suitable options. The smaller two home models require 3½-ton air 
conditioners and carry estimated upgrade costs of $2,200 for the 17.5 SEER 
  
29 
system and $3,080 for the 20 SEER system. The larger two home models 
require 4-ton air conditioners and carry estimated upgrade costs of $2,510 and 
$3,520, respectively. 
The developer has sized the air conditioning units to properly match demand, 
relying on past experience to reduce system tonnage a considerable amount. 
Efficiency measures such as well insulated thermal envelopes, high-performance 
windows, and controlled ventilation systems have allowed the developer to 
downsize air conditioning capacity in the past by as much as 30% [16, 17]. The 
added expense of the efficiency measures is often completely off-set by the 
reduced cost of lower-capacity air conditioners. The overall net effect is a 20%-
30% reduction in cooling costs. 
Slab insulation 
Each home’s concrete slab foundation acts as part of the thermal envelope, 
providing enough thermal mass to resist heat transfer to and from the home 
interior. The majority of the heat transfer through a concrete slab occurs through 
the perimeter because the vertical face of a slab edge is in direct contact with the 
ambient air and the upper layer of soil. Both mediums exhibit large temperature 
variations from the interior conditioned space. The temperature of the earth 
below a home’s foundation, on the other hand, remains relatively constant 
throughout the year, offering less potential for conductive heat transfer.  
Insulation along the perimeter of a home’s slab foundation can effectively 
reduce heat gains and losses. According to a U.S. Department of Energy report, 
slab insulation in a conventional 1,800 square foot home can achieve cost 
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savings of $50-$60 per year (in 2000 dollars) in climates with mild winters [18]. In 
the report, installation of R-10 slab edge insulation was estimated at $300-$600, 
resulting in a payback period of 5-10 years. Slab insulation also creates an 
improved thermal mass more capable of moderating indoor temperatures.  
Due to installation difficulties stemming from the use of post-tension slabs, the 
developer has been unable to offer slab edge insulation. If this issue can be 
resolved, the developer should consider providing slab edge insulation in the 
future.  
Floor cavity insulation 
 Second level floors located above unconditioned areas, such as garages and 
outdoor patios, are currently insulated with R-19 cellulose. This is the minimum 
insulation requirement of the 2006 IECC. Upgrading the insulation to R-30 
cellulose is relatively inexpensive and easy to implement, and was deemed an 
upgrade option worthy of further evaluation. This upgrade is estimated to cost an 
additional $610 to $880 per house.  
Hot water pipe insulation 
The Office of Energy Efficiency and Renewable Energy at the U.S. 
Department of Energy has reported that hot water pipe insulation can increase 
water temperature at the tap 2°F to 4°F [19]. The i nsulation allows users to 
reduce water heater temperature settings an equivalent amount, saving an 
estimated $6-$10 annually in natural gas costs.  
For modeling purposes, it has been assumed that water heater temperature 
settings are a constant 120°F. Although optimum tempera tures for dish washing 
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are between 130˚F and 140˚F, water heater set temperatures above 120˚F are 
usually unnecessary because modern dishwashers feature booster heaters. 
Furthermore, skin exposure to water above 120˚F may pose a scalding risk. In 
general, each 10˚F temperature setting reduction will save 3%-5% in water 
heating costs [20], but temperatures below 120˚F can allow bacterial growth 
within the heating system. 
Hot water pipe insulation will reduce pipe heat loss by an estimated 7,400 Btu 
per day for the homes under study, based on research by Hiller [21]. To remove 
this expelled heat from the interior during summer months, about 500 watt-hours 
of electric energy is required for a 15 SEER air conditioner. Over a five-month 
cooling season, the additional electric cost totals about $8. If pipe insulation is 
installed, this additional cooling load can be neglected, but winter heating loads 
will increase by an equivalent amount. To make up this heat with a 92% AFUE 
natural gas-fired furnace, 8,700 Btus of natural gas input is required. Over a five-
month heating season, the additional natural gas cost totals about $15. From a 
thermal gain standpoint, including pipe insulation is economically 
disadvantageous.  
However, in homes with uninsulated pipes, users must wait longer for hot 
water while previously heated water is wasted down the drain. Though accurately 
estimating this water waste is beyond the scope of this paper, the Desert 
Southwest is currently facing serious water resource issues, and future homes 
should include pipe insulation solely for water conservation reasons. The 
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economic consequences of pipe insulation have not been included in this study’s 
cost-benefit analysis. Pipe insulation is estimated to cost $340 per home. 
Attic insulation 
Due to the concrete-like caliche soil that is prevalent in much of the Las 
Vegas Valley, excavating land for basements is uncommon. The vast majority of 
homes in the area are constructed with concrete slab foundations. This practice 
limits the amount of available space for air handlers, cooling and heating coils, 
furnaces, and ductwork. Unlike homes with basements or crawlspace 
foundations that have moderately-conditioned space available for mechanical 
equipment, slab foundation homes typically contain mechanical equipment within 
the attic space. Unconditioned attic spaces present extreme temperatures for 
HVAC (heating, ventilating, and air conditioning) systems in the Las Vegas 
Valley, particularly during summers when attic temperatures often reach well 
above 150˚F.  
Unlike conventional homes with vented attic/roof assemblies, the home 
models under study are constructed with unvented attics. The unvented attics do 
not have ridge or eave vents that normally circulate outdoor air through the attic 
space. Instead, the attics are sealed within the thermal boundary. Rather than 
laying insulation atop the second level ceiling, insulation is installed along the 
underside of the roof sheathing, accomplished by stapling fabric netting to the 
bottom face of the roof trusses. Cellulose insulation is then blown into the cavity 
between the netting and the roof deck. Due to weight restrictions on the netting 
and potential settling issues, the insulation is limited to an R-22 thickness. The 
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unvented attic assembly design provides a more suitable area for mechanical 
equipment.  
As demonstrated by the two thermometer readings in Figure 7, unvented attic 
temperatures are similar to interior temperatures. Because the attic space is 
located within the thermal boundary but is not directly fed by air duct registers, it 
is considered a semi-conditioned area. The moderate climate of the semi-
conditioned area allows the mechanical equipment to operate more efficiently 
and nearly eliminates detrimental effects normally associated with duct leakage.  
 
 
Figure 7: An unvented attic assembly showing interior and attic temperatures. 
 
 
There is an energy trade-off with an unvented attic assembly, and many 
drawbacks exist. First of all, without the natural circulation of outdoor air, the attic 
cannot benefit from natural convective cooling. Secondly, because the insulation 
is located along the roof deck rather than atop the second level ceiling, the 
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thermal envelope has an expanded surface area. The expanded boundary 
provides a greater potential for heat transfer and requires additional insulation. 
Third, installing cellulose along the roof deck is inherently more difficult than atop 
the second level ceiling. Fourth, because there is no air gap between the 
insulation and roof shingles, there are larger conduction gains from sun-heated 
shingles to the attic space. Lastly, any gas appliances, such as furnaces or water 
heaters, that would normally be installed in the attic must be closed-combustion 
or moved to the garage [22].  
Based on a comparative study of two Las Vegas homes conducted by NREL, 
one home constructed with an unvented attic and one with a vented attic, the 
advantage of an unvented attic is highly dependent on duct leakage [22]. When 
the ducts were well sealed, the cooling energy consumed by the two homes was 
nearly the same. But when duct leakage exceeded 5%, the home with an 
unvented attic required noticeably less cooling energy. Additionally, this home’s 
attic temperatures remained within 7˚F of the interior temperature, providing a 
more suitable climate for the HVAC system. The study concluded that the cooling 
load of homes with unvented attics in cooling-dominant climates is fairly 
insensitive to duct leakage. When duct leakage in the homes reached 10%, a 
common leakage rate for Building America base-case houses, the cooling energy 
savings in the unvented attic home was estimated at 8%. 
According to 2006 IECC standards, the minimum level of attic insulation 
required for the Las Vegas Valley is R-30 or its equivalent. Although the R-22 
cellulose falls below the R-30 threshold, the developer’s current unvented attic 
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configuration satisfies this requirement due to benefits provided to mechanical 
equipment.  
As previously noted, increasing the thickness of the cellulose is not possible, 
and alternative methods to increase the insulation level were evaluated. A spray 
foam insulation named Icynene was deemed a feasible option. Once applied, the 
spray foam adheres to building surfaces and expands to fill any cavities. Upon 
curing, the foam provides insulation and an improved air barrier. At a thickness of 
10 inches, the spray foam is rated at R-36, a 60% improvement over the current 
cellulose application. The incremental expense of the spray foam was estimated 
at $870 to $1,000 per house. 
While the spray foam would likely reduce air infiltration, potential reductions 
could not been verified by blower-door pressure tests. For the purposes of 
modeling, it was assumed that the infiltration rates would be unaffected by spray 
foam insulation. Because the homes have been constructed with tight envelopes, 
any further decrease in infiltration would necessitate additional mechanical 
ventilation, thereby negating benefits derived from decreased infiltration levels. 
Low-absorptivity paint 
The level of solar radiation penetrating into the homes could be reduced by 
applying low-absorptivity paints or highly reflective coatings to the homes’ roofs, 
but this option was discarded from further consideration. Research has shown 
that such coatings can provide substantial benefits in cooling-dominant climates. 
In a study by Parker et al., for example, the cooling requirements of nine Florida 
homes decreased by 19% after the application of reflective roof coatings [23]. 
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And, as part of California’s energy code, new and retrofitted residential and 
commercial buildings are required to have heat-reflecting roofs [24]. 
Radiant roof barriers 
Radiant roof barriers are commonly used in hot climates to limit the 
transmission of solar radiation to attic space. Radiant barriers are beneficial 
during cooling seasons, but because the barriers reflect solar radiation, they can 
be disadvantageous during heating seasons and are typically not applied in 
heating-dominant climates.  
Usually comprised of highly reflective aluminum film applied to a substrate 
backing such as kraft paper, radiant barriers restrict thermal radiation based on 
the relationship between reflectivity and emissivity. Emissivity is a measure of the 
amount of absorbed thermal energy a material is able to release, relative to a 
blackbody (an ideal object that absorbs and emits all energy that falls upon it). 
The relationship between reflectivity and emissivity, in simplified form, can be 
expressed as follows [25]: 
 
1)()( =+ AA TT ρε  
where: ε(TA) = emissivity of a material at arbitrary temperature TA 
  ρ(TA) = reflectivity of a material at arbitrary temperature TA 
  
The concept correlates well to the application of radiant roof barriers, namely 
the higher a material’s reflectivity, the lower its emissivity. Radiant barriers 
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typically have reflectivity values of 90% or greater and thus emit an extremely low 
fraction of incident radiation. 
  In order to be effective, a radiant roof barrier must face an air gap between 
the outermost roof surface and the attic insulation. Because the unvented attic 
configurations employed in the homes under study do not provide for such an air 
gap, there is no appropriate location for a radiant barrier. If a radiant barrier were 
applied between the roof deck and insulation, it would simply act as a highly 
conductive layer and offer no benefit.  
Raised roof battens 
Also known as a double roof, raised roof battens provide a wooden structure 
that supports a second roof layer above an underlying roof that acts as part of 
the thermal envelope. This configuration allows a roof surface to be out of direct 
sunlight and provides a passageway for natural convective cooling. Although 
normally incorporated with conventional vented attic assemblies, raised roof 
battens were deemed acceptable for further consideration. The additional 
expense ranges from $200 to $240, a relatively low incremental cost. 
Studies have shown that raised battens provide substantial benefits for 
vented attics by reducing attic temperatures [26, 27]. There exists limited 
potential for improvement in the homes under study, however, as attic 
temperatures in unvented attics are already very near interior temperatures. 
According to a 2002 study by the Florida Solar Energy Center, a roof with raised 
battens and highly-reflective shingles decreased maximum summer attic 
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temperatures by an average 4.7˚F, relative to an identical attic without the two 
efficiency features [28].  
Raised roof battens do have drawbacks, notably additional convective cooling 
during winter months. The increased cooling will raise a home’s heating load and 
may negate some of the energy savings gained during summer months. 
Mechanical ventilation and ductwork 
Homes built under the Building America program are equipped with 
electronically-controlled mechanical ventilation systems. The systems help 
reduce negative pressures that can allow pollutants (e.g., radon) to infiltrate, as 
well as eliminate back drafting of combustion appliances [17]. 
According to ASHRAE Standard 62, the recommended minimum natural 
infiltration rate is 0.35 air changes per hour (ACH) for residential buildings. In 
other words, the standard requires that at least 35% of a home’s air volume be 
replaced by outside air every hour. The model homes were constructed with well-
sealed envelopes, and the homes’ natural infiltration rates range from 0.28 ACH 
to 0.33 ACH, according to blower-door pressure tests. Since these values fall 
below the ASHRAE standard, the homes were equipped with mechanical 
ventilation systems to allow for proper ventilation levels and to ensure adequate 
indoor air quality.  
The appropriate amount of mechanical ventilation can be determined using 
ASHRAE Standards 119 and 136, guidelines that are utilized by the Building 
America program [29]. The formula used to determine a home’s required amount 
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where: Qsup = supplemental mechanical ventilation required, not including 
natural infiltration (cfm) 
 FFA = finished floor area (ft2) 
CFA = conditioned floor area, including directly or indirectly 
conditioned basements (ft2) 
 H = average height of one story (ft) 
AI = annual air changes per hour from natural infiltration (ACH) 
 Nbr = number of bedrooms 
 
According to the guidelines, supplemental ventilation is not only a function of 
air volume, but is also dependent on various floor areas and number of 
bedrooms. Rather than simply achieving the minimum 0.35 ACH requirement, 
the guidelines provide appropriate ventilation levels for homes of differing floor 
plan configurations. For example, the 1,612 square foot home model under study 
has a natural infiltration rate equal to 0.332 ACH. In order to reach 0.35 ACH, the 
mechanical ventilation system would be required to supply an additional 274 
cubic feet of fresh air each hour. Under the ASHRAE guidelines, 1,206 cubic feet 
of fresh air is required each hour, a four-fold increase.  
In the model homes, the mechanical ventilation systems are managed by 
electronic controllers manufactured by AirCycler™. The controllers monitor the 
homes’ air handler fans and operate dampers that permit fresh air intake for 
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additional ventilation. As shown in Figure 8, the air intake duct is interconnected 
with the HVAC system through the return air plenum.  
 
 
Figure 8: Schematic of the mechanical ventilation fresh air intake. 
 
 
When a home’s air handler fan operates for space heating or cooling, the 
damper can be opened to draw fresh air at 60 cfm (cubic feet per minute) into the 
ductwork. The fresh air is then heated or cooled within the air handling unit and 
distributed throughout the home. During times when space heating or cooling is 
not required, the controller operates the air handler fan for ventilation purposes 
only. The factory setting on the controllers are set to provide fresh air in cycles of 
10 minutes every ½ hour. It is unclear whether the developer will adjust the 
controllers to match each home’s specific ventilation demands in the future; at 
this time, the controllers have been left at their factory settings.  
The required mechanical ventilation operation time for each model home, 
according to the ASHRAE guidelines, are presented in Table 2. The operation 
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times range from 32% to 39% of each hour. The controller factory settings 
provide adequate ventilation for two of the model homes, while the other homes 
receive slightly less fresh air than required. 
There is a critical drawback to the current ventilation system. When ambient 
conditions are suitable for residents to open windows, allowing for natural 
ventilation, a home’s controller will continue to operate the air handler fan. The 
controllers are unable to monitor indoor air quality and run a preprogrammed 
cycle throughout the year. During these times of unnecessary operation, the air 
handler fans intake an excessive amount of outdoor air. The air handler fans 
draw 750 watts, accounting for a sizable portion the homes’ total power load. 
Constant cycling of the air handlers is also likely to decrease fan life. 
The controller does not have the capability to monitor bathroom and kitchen 
spot ventilator use. Spot ventilators may provide enough building 
depressurization to increase natural infiltration to levels that eliminate the need 
for mechanical ventilation. During winter and summer seasons, excessive 
outdoor air will add to overall heating and cooling loads. According to research by 
Zhou et al., tightly constructed homes that require additional fresh air may 
actually require more energy for mechanical ventilation systems than for space 
heating and cooling [30].  
To partially circumvent these issues, heat recovery ventilator (HRVs) were 
proposed for future homes at the development. HRVs conserve energy by 
exhausting stale indoor air and drawing fresh outdoor air through heat 
exchangers to semi-condition the incoming air. The heat exchangers do not 
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permit direct mixing of the two fluids and, thus, there is no mass transfer. An 
energy recovery ventilator (ERV), on the other hand, does mix the two air 
streams, which does alter moisture levels.   
The current controller utilizes the air handler fan during times of heating and 
cooling operation, and thus requires no additional net energy for ventilation. 
During all other times, however, the system draws significant power for 
ventilation purposes only. The proposed HRV upgrade, a model manufactured by 
Honeywell, provides 200 cfm of fresh air and draws 200 watts, 73% less power 
than the air handler fan. As a drawback, the HRV does not distribute fresh air 
through a home’s ductwork. Instead, it exchanges indoor and outdoor air at a 
single location, much like a spot ventilator. Because the homes have relatively 
small floor plans, and since three of the four models have high ceilings that 
extend from the ground floor to the second level, natural air movement should 
suffice for adequate air distribution. The buildings are also equipped with jump 
ducts between rooms that help improve natural circulation. 
Operation times required for the HRV systems are shown in Table 2. The 
operation times differ between the two systems because the current ventilation 
system draws air at 60 cfm while the HRV draws air at 200 cfm. The installation 
cost of an HRV is estimated at $2,060. 
All ductwork in the homes is comprised of flexduct, a bendable product 
suitable for short residential runs. Because all ductwork is housed within a semi-
conditioned unvented attic, any leakage or thermal losses from the ducts remains 
within the thermal envelope. According to 2006 IECC standards, supply and 
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return ducts must be wrapped with R-6 insulation, unless the ducts are located 
entirely within the thermal envelope. Rather than installing more expensive 
insulation that will provide negligible benefits, the developer has used insulation 
rated at R-4.2 for all ducts.  
 
Table 2: Required operation times of mechanical ventilation systems 
Model home square footage AirCycler™ HRV 
1,487 35.8% 10.7% 
1,612 33.6% 10.1% 
1,758 32.2% 9.7% 
1,777 39.5% 11.9% 
 
 
In homes with vented attic assemblies, sealing and insulating the ductwork 
should be a high priority. A 2005 study of approximately 1,000 homes in 
California and Texas concluded that an estimated 60%-85% of the homes would 
conserve a substantial amount of energy with better sealed ducts [31]. Excessive 
duct leakage can create uncontrolled airflows within a home, causing low 
pressure zones, increased infiltration, and nonuniform temperatures. Leakage 
should therefore not be neglected, as it may create unacceptable humidity levels 
or cause energy and capacity losses in the HVAC system. 
Photovoltaics 
The renewable energy industry, both in the U.S. and the rest of the world, has 
been growing at a rapid pace, with the number of renewable energy installations 
nearly doubling between 2000 and 2007 [32]. From 2006 to 2007 alone, solar PV 
capacity installations grew 40%. Even so, power generated from concentrated 
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solar thermal plants and PV installations supplies less than 0.1% of the nation’s 
total energy demand.  
Growth in the solar power field is highly affected by governmental legislation. 
Countries with aggressive policies such as Germany and Japan, for instance, 
have marginal solar resources but are world leaders in solar installations. 
California, with both a sunny climate and favorable policies, leads the U.S. in the 
number of solar installations. Although New York and New Jersey have relatively 
low solar resources (as shown in Figure 9), financial incentive programs have 
spurred solar installations in these states. Both New York and New Jersey have 
higher installed PV capacities than Nevada, Arizona, and New Mexico (as shown 
in Figure 10), states with superior solar resources.  
 
 
Figure 9: Available solar resources for flat-plate collectors [33]. 
 
 
Building-integrated PV provides networks of small on-site power production 
systems, also known as “distributed generation.” With a greater prevalence of 
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distributed generation, there is reduced need for large centralized power plants 
and utility-scale transmission lines, often viewed as Not In My Back Yard 
(NIMBY) items by neighboring residents [34]. Long-distance transmission losses, 
which can account for up to 12% of a plant’s total generated power, can also be 
reduced [35]. Electric grid reliability is likely to improve with further increases in 
the number of residential PV systems, as grids that are not solely reliant on a 
limited number of centralized plants are less prone to shutdown.  
 
 
Figure 10: State leaders in total PV capacity [32]. 
 
 
PV demand will likely continue to grow as initial costs have dropped 
considerably in the past few years and are expected to decrease further. The 
U.S. Department of Energy’s Solar Program reported in 2004 that PV system 
costs, including operations and maintenance costs, but not including subsidies, 
averaged about $9 per installed watt [6]. The program has a stated goal of 
reducing base residential system costs to $2.80 per watt by 2020. The recently 
approved U.S. federal tax credit for renewable energy systems will reduce 
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consumer costs even further. The incentive provides a tax credit equal to 30% of 
a solar system’s installation cost [36]. The incentive was formerly capped at 
$2,000 but now carries no ceiling.  
Southern Nevadans are able to apply for additional rebates through the 
SolarGenerations program offered by the local electric utility. The program 
provides a rebate of $2.10 per installed watt, up to $10,500, for a limited number 
of customers [37]. 
The lower costs and greater focus on environmental issues have spurred a 
growing number of state lawmakers to mandate that home builders offer solar 
arrays as an option. In New Jersey, for example, builders of developments of at 
least 25 homes are now required to offer solar panels [38]. By 2010, California 
builders of developments with more than 50 homes will also be required to offer 
solar panels. New Mexico builders are required to install solar-ready wiring, 
although they are not obligated to offer solar panels.  
Every home in the development under study will be outfitted with a building-
integrated PV array. The PV panels and inverters are manufactured by 
SunPower. The four model homes were outfitted with PV arrays that generate 
1.764 kilowatts during peak periods (referred to as 1.764-kWp). The developer 
has proposed offering larger PV arrays to future homeowners, with upgrades 
sizes of 2.280-kWp and 3.192-kWp. The additional costs are estimated at $3,200 






Figure 11: A 1.764-kWp PV array on the south-facing roof of a model home. 
 
 
The streets in the new development are laid out in a grid pattern and are 
positioned 10˚ counterclockwise from the cardinal directions, as shown in Figure 
12. The four model homes are located on Morro Vista Drive, which runs north-
south. The model homes face to the west and, because the roof ridgelines run 
from front to back, flat surface areas are available for PV installations on the 
north and south sides of the homes’ roofs. The PV panels were installed on the 
roofs’ south faces, giving them an orientation of 10˚ east of due south. Panels 
facing due south, the most ideal orientation, receive the greatest amount of solar 
radiation throughout the year. 
Because the PV arrays are integrated into the homes’ roofing structures, the 
arrays’ tilt angles match the roofs’ tilt angles of 22.6˚. This is below the optimum 
angle as described by NREL’s Redbook, which indicates that fixed arrays are 
optimized at angles equal to the location latitude angle [39]. Since the latitude 
angle of Las Vegas is 36.2˚N, the PV arrays are 13.6˚ lower than the optimum tilt 
angle, but the difference in available radiation is minimal. According to the 
Redbook, south-facing fixed arrays in Las Vegas with 36.2˚ tilt angles receive an 
average 6.5 kilowatt-hours (kWh) of solar radiation per square meter of surface 
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area each day. An array at a tilt angle 15˚ less than latitude, roughly the same as 
the roof-mounted arrays, will receive 6.4 kWh per square meter each day, less 
than a 2% decrease from the optimum angle. 
 
 
Figure 12: Layout of streets in the new development. 
 
 
 Although the majority of the homes in the new development will be 
constructed on streets that run north-south, several side streets run east-west. 
Homes on these streets will not have proper roof orientation for south-facing PV 
arrays. Instead, PV arrays must be installed with east or west orientations. East- 
and west-facing arrays will not produce as much energy as those facing to the 
south due to limited solar exposure during mornings and afternoons. PV 
production rates were provided by the manufacturer and are listed in Table 3. 





Table 3: Annual PV production rates in Las Vegas based on array size and 
orientation; estimates are provided by SunPower 
Array size Array orientation/azimuth angle 
Peak kW No. of Modules East (80˚) South (170˚) West (260˚) 
1.764 28 2,769 kWh 3,305 kWh 2,883 kWh 
2.280 30 3,580 kWh 4,273 kWh 3,727 kWh 
3.192 42 5,011 kWh 5,982 kWh 5,217 kWh 
 
 
Arrays facing to the west are preferred over those facing east for two reasons:  
1. Peak electric loads occur during afternoons. West-facing panels 
receive more direct sunlight in the afternoon and thus produce more 
electricity later in the day. The later production times better match 
home electric loads and help lower peak loads on the electric grid.  
2. Because the side streets in the development run 10˚ counterclockwise 
from an east-west axis, a roof surface on the west side of a home will 
have an azimuth angle of 260˚ (where due north is 0˚ and due south is 
180˚). The east surface of a roof will have an azimuth angle of 80˚. 
West-facing arrays will therefore be 20˚ closer to due south than those 
facing east, resulting in greater production rates. 
According to Table 3, homes with west-facing PV arrays will produce 12% 
less energy than those facing to the south, while homes with east-facing arrays 
will produce 17% less energy than those facing south. All home models have the 
same height, but there are changes in elevation that may cause small shading 





Proposed upgrades summary 
 Table 4 summarizes the efficiency measures approved for evaluation. The 
incremental costs list the additional expenses relative to current product costs. 
 
Table 4: Proposed upgrades and approximate incremental costs 
Building 
Component Current Proposed 
Home model square footage 
1,487 1,612 1,758 1,777 
Windows ~U-0.340          
~SHGC-0.32 
~U-0.280          
~SHGC-0.23 $122 $128 $156 $143 














$2,062 $2,062 $2,062 $2,062 
Wall insulation 2”x4” walls & 2”x6” walls 
All 2”x6” 
walls $1,438 $2,261 $2,679 $2,581 
Attic insulation R-22 






cellulose $879 $613 $782 $763 
Pipe insulation None All hot water pipes $342 $342 $342 $342 
Roofing Conventional Raised roof battens $232 $206 $221 $238 



















The results of the building simulations are presented in the following pages 
and list the estimated annual energy consumption rates and corresponding utility 
costs of the home models. The homes have been evaluated with and without 
proposed efficiency upgrades and at various orientations. The estimated utility 
costs are based on rates posted by the local electric and gas utilities and include 
monthly service charges. The rates are listed below. A more detailed rate 
schedule is provided in the Appendix. 
• Electric rate: $0.108/kWh, $8.00 monthly service charge [40] 
• Natural gas rate: $1.135/therm, $8.50 monthly service charge [41] 
Simple payback periods have been determined for each upgrade component. 
Simple payback periods are defined as the number of years required for 
upgrades to recoup their initial incremental costs through subsequent savings in 
utility costs. Unless otherwise noted, the simple payback periods listed do not 
account for inflation or potential increases in energy costs. These cost 
fluctuations were not considered so as to compare the proposed upgrades on a 
constant-cost basis. It should be noted that future increases in utility rates will 
make proposed efficiency measures more economically viable. Likewise, price
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drops of energy efficient products due to technological advancements, increased 
production, or advantageous governmental incentives will increase demand for 
the products. 
Analysis of the relationships among all proposed efficiency measures was 
pertinent to the study, as the benefit of each component may be affected by the 
implementation of others. Some items may be mutually exclusive because they 
operate during different seasons, such as furnaces and air conditioners, but the 
performance of most items is dependent upon the entire building assembly.  
Aside from benefits of individual upgrades, specific upgrade packages were 
identified that optimize energy savings and limit initial costs. The efficiency 
packages are based upon an extensive study of all possible component 
combinations applied to the 1,487 square foot home model at a west-facing 
orientation. While the results of this study cannot be applied equally among all 
home models and orientations, the data does provide a valuable guideline 
regarding the benefits of the individual components and their relation to one 
another. The results of this study are provided in the Appendix. 
 
Effects of Residents 
The energy-saving potential of efficiency measures can easily be reduced or 
eliminated by the habits of residents. Detrimental habits include setting high 
thermostat temperatures in the winter and low temperatures in the summer, 
taking long showers, using electronic equipment excessively, and replacing CFL 
bulbs with incandescent bulbs. Buildings labeled as “low energy” or “zero energy” 
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may not be so if residents believe their behavior has little influence on overall 
power loads.  
Educating future residents at the new development should be a high priority 
and may be the most effective approach to reduce energy loads. For example, a 
study by Hoes et al. determined that office building employees can reduce 
energy consumption by about half simply by manually controlling window shades 
and electrical lighting [42]. The study concluded that sustainable buildings must 
shift from those that are fully operated by electromechanical equipment to those 
that rely more heavily on passive systems and user interaction. For this to take 
place, residents must play an active role in energy management.  
An issue facing the operation of highly efficient homes is a phenomenon 
referred to as the “takeback effect.” The takeback effect occurs when residents 
install efficient products and, in turn, believe their behavior will have little or no 
effect on energy consumption. To illustrate this, a 2008 study by an economist at 
the University of Michigan discovered that people with energy efficient washing 
machines tended to wash more clothes [43]. Likewise, according to the American 
Council for an Energy Efficient Economy, people who install CFLs lose 5%-12% 
of potential energy savings by leaving the lights on longer and those with efficient 
furnaces lose 10%-30% of potential savings by raising thermostat settings. One 
proposed solution to this issue has been to install devices that display 
instantaneous power readings and cumulative energy consumption, much like 
the dashboard display included in the homes under study, allowing residents to 
better monitor their behavior.  
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Ultimately, the performance of a low energy house depends on resident 
behavior. Hot water consumption, thermostat settings, and other user-controlled 
items have considerable influence on home energy loads. The results of this 
study are based upon typical homeowner behavior and actual results may vary 
substantially from these estimates. 
 
Thermostat Settings 
The thermostat settings used in the simulations are based on the HERS 2006 
reference schedule shown below. Natural ventilation through open windows is 
employed when outdoor conditions are suitable. 
• Heating season: 65˚F from 12 am – 7 am; 68˚F from 7 am – 12 am 
• Cooling season: 80˚F from 9 am – 4 pm; 78˚F from 4 pm – 9 am 
According to the U.S. Department of Energy Office of Energy Efficiency and 
Renewable Energy, an eight-hour thermostat setback of 10˚F-15˚F (typically 
during work or sleep hours) can achieve 5%-15% savings in heating and cooling 
costs [14, 44]. For these particular homes, if the temperature settings were raised 
one degree in the winter and lowered one degree in the summer, annual utility 
costs would increase approximately $35. A respective increase and decrease of 
five degrees would raise annual utility costs about $190.  
 
Appliances and Common Electrical Loads 
The estimated energy consumption of various appliances and other common 
electric devices are summarized in Table 5. These loads constitute 50%-70% of 
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total electric consumption estimates and 20% of total gas consumption 
estimates.  
The homes come equipped with General Electric Energy Star clothes 
washers, dishwashers, and refrigerators and the loads of these appliances are 
based on their Energy Star ratings. Loads due to other appliances are provided 
by the simulation software. The software estimates are based on standard 
consumption data for typical households. For clarification, lighting refers to 
lighting fixtures with wall-mounted switches. Electric loads due to televisions, 
computers, plug-in lamps, etc., are posted as miscellaneous. Gas-fired clothes 
dryers and ranges were selected over electric models because gas appliances 
are more often preferred by customers, according to the developer. The use of 
gas appliances also helps limit peak electric loads, favorable to the electric utility. 
 
Table 5: Annual appliance and electric loads 
Ceiling fans 382 kWh  Range 24 therms 
Clothes washer 533 kWh  Refrigerator 644 kWh 
Clothes dryer 44 therms  Lighting 444 kWh 




Table 6 lists the estimated annual energy savings and simple payback 
periods of each proposed efficiency measure, averaged among the four home 
models. Though all proposed measures will provide some benefit, many are not 
economically advantageous.  
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Energy savings are significantly less than would be achieved had the same 
measures been applied to homes built to minimum standards. According to a 
home energy conservation study performed on a retrofit house in Henderson, 
Nevada, nearly all efficiency upgrades carried simple payback periods of seven 
years or less [45]. Because the homes in this study have been constructed well 
above minimum standards, any further improvements will have diminished 
returns. 
 
Table 6: Cost benefits of individual energy efficient components 
Efficiency measures Average annual 
energy savings 
Average simple 
payback period (years) 
High-efficiency windows $15.24 9.0 
17.5 SEER air conditioner $31.78 74.1 
20 SEER air conditioner $56.19 59.3 
Heat recovery ventilator $114.40 19.1 
2”x6” walls + R-19 cellulose $17.10 129 
R-30 floor insulation $5.74 132 
R-36 Icynene attic insulation $21.89 43.1 
Raised roof battens $0.18 1,244 
2.280-kWp PV array $110.00 29.1 
3.192-kWp PV array $305.00 27.3 
 
 
High-efficiency windows do not reduce energy consumption at the same level 
as many of the other options. But due to low upgrade costs, high-efficiency 
windows have the shortest payback period. Window upgrades are recommended 
for future homes at the development. 
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Air conditioners with increased SEER ratings save a considerable amount of 
electricity, but carry payback periods longer than their useful life. Air conditioning 
upgrades should not be included in future homes.  
Both 2”x6” exterior walls with R-19 cellulose and R-30 floor cavity insulation 
options are estimated to save minimal energy relative to their upgrade costs. 
Neither option should be included in future homes.  
Installing R-36 spray foam attic insulation is estimated to provide substantial 
savings. With an average simple payback period of 43 years, the insulation could 
recoup its initial upgrade cost during its useful life. As discussed in the following 
section, this option is viable if utility costs continue to escalate at 2.5% or more 
per year. 
Although raised roof battens will reduce attic temperatures, the overall energy 
savings is negligible. During the heating season, the additional convective 
cooling provided by raised battens will increase the overall heating load and 
negate the benefits provided during summer months. Raised battens should not 
be considered.  
Heat recovery ventilators are by far the largest energy saver, estimated to 
reduce utility bills by an average of more than $100 annually. The ventilators are 
projected to reduce the homes’ cooling loads by 17% on average, but 
surprisingly, heating loads are predicted to increase by 9%. This increase is 
attributable to the corresponding reduced operation times of the air handler fans, 
which emit a large amount of waste heat. Even so, electrical savings from 
decreased use of the air handler fans will more than offset the added heat loads. 
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Had the homes been rated with infiltration levels of 0.532 ACH, typical of a 
HERS 2006 reference house, mechanical ventilation would not be required and 
annual utility costs would decrease by approximately $100. If the homes had 
infiltration rates at the recommended minimum of 0.35 ACH, resulting in lower 
heating and cooling loads, annual utility costs would decrease another $40. 
While this energy savings is substantial, there are significant benefits to tightly 
constructed envelopes and mechanical ventilation systems, namely improved 
indoor air quality and proper building pressurization. 
Simulation results agree with the previously described benefits of unvented 
attics in hot climates. Had the homes been constructed conventionally, with 
vented attics and R-30 insulation, annual utility costs would increase by 
approximately $100. 
The proposed PV arrays have payback periods near the useful life of the 
systems and should be considered for future homes. The arrays reduce net 
energy consumption at rates more advantageous than all but two of the proposed 
options. Therefore, upgrades should include high-efficiency windows and HRVs 
to reduce the homes’ base loads. PV arrays should then be installed if further 
reduction of net energy consumption is desired.    
 If the available 30% federal rebate and the $2.10 per watt local rebate are 
applied to defray the initial cost of a larger PV system, the additional cost of a 
2.280-kWp array would drop from $3,200 to $1,156. The additional cost of a 
3.192-kWp array would drop from $8,300 to $2,811. The corresponding simple 
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payback periods would then decrease to 10.4 years and 9.2 years, respectively, 
not including maintenance costs.  
Effects of utility rate increases 
Over the past 20 years, nationwide electricity rates have increased 2% 
annually and natural gas rates have increased 3.5% annually, according to the 
Consumer Price Index [46]. As previously mentioned, should utility rates continue 
to increase, many proposed upgrade options would be more advantageous. For 
example, if utility rates increase 3% annually, payback periods for 20 SEER air 
conditioners are estimated to drop from 59 years to 34 years. Table 7 lists the 
payback periods of the proposed efficiency measures relative to future rate 
increases.  
 
Table 7: Efficiency measure payback periods relative to utility rate increases 
Efficiency 
measures 
Annual increase in utility rates 
0% 1% 3% 5% 7% 
High-efficiency 
windows 9.0 8.6 8.1 7.6 7.2 
17.5 SEER air 
conditioner 74.1 55.8 39.6 31.8 26.9 
20 SEER air 
conditioner 59.3 46.4 34.4 28.1 24.1 
Heat recovery 
ventilator 19.1 16.7 14.6 13.2 12.1 
2”x6” walls + R-19 
cellulose 129 84.2 54.0 41.4 34.3 
R-30 floor insulation 132 84.7 54.2 41.6 34.6 
R-36 Icynene attic 
insulation 43.1 36.0 28.1 23.5 20.5 
Raised roof battens 1,244 261.0 123.0 85.0 66.2 
2.280-kWp PV array 29.1 25.4 21.2 18.4 16.4 




 The values listed in Table 7 demonstrate the influence utility rates have on 
low energy building design. Most of the options are still cost-prohibitive with 
relatively high utility rate increases. However, if utility rates are expected to 
increase 2.5% or more annually, R-36 attic insulation is a viable upgrade option 
because its payback period would be roughly 30 years, arguably less than the 
material’s useful life. This is a reasonable annual increase given the track record 
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17.5 SEER air conditioner
20 SEER air conditioner
Heat recovery ventilator
2”x6” walls + R-19 cellulose
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Figure 13: Payback periods relative to annual utility rate increase. 
 
 
 By plotting the values of Table 7, as shown in Figure 13, the annual utility rate 
increase necessary to make each proposed upgrade a feasible option can be 
estimated. The plot shows that even as rate increases approach 7%, only high-
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efficiency windows, HRVs, R-36 attic insulation, and PV arrays are good upgrade 
candidates. The next most attractive option, 20 SEER air conditioners, have 




As previously mentioned, the benefits of applying multiple upgrades to the 
homes were based on a comprehensive study of the 1,487 square-foot home 
model. All possible 181 different upgrade combinations were evaluated, and the 
most cost-effective results were applied to the other three home models. The 
results of the comprehensive study are provided in the Appendix.  
Figure 14 represents the relationships between upgrade expenses and the 
corresponding annual utility costs. The plot illustrates the general trend between 
increased upgrade costs and energy savings, but there are clearly more 
advantageous upgrade combinations than others. The plots with lower utility 
costs in the bimodal distribution are those that include an HRV. 
 During the simulation process, the homes were evaluated based the 
orientations of the current model homes, which face west and have south-facing 
PV arrays. Alternative orientations will alter home performance values, as shown 
in a later section. 
The simulation results of including upgrade packages in the 1,487 square foot 
home model are listed in Table 8. Results pertaining to the other three home 
models are provided in the Appendix. Table 8 demonstrates that upgrading the 
homes with high-efficiency windows and heat recovery ventilators is the most 
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cost-effective option to lower the homes’ base loads. Including other efficiency 

























Figure 14: Upgrade costs relative to annual utility costs. 
 
 
Achieving net zero net electric status is possible with efficiency upgrades and 
a 3.192-kWp PV system, but homeowners should be educated about the 
regulations governing net metering in Nevada before selecting an appropriate 
solar array. Because utilities are not required to reimburse residential customers 
for excess PV power generation, homes that produce more energy than they 
consume will require longer periods of time to recoup initial investments. Unless 
the Public Utilities Commission of Nevada alters the state’s net metering policies, 
PV arrays should be slightly undersized to optimize financial gains.  
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The estimated energy savings listed in Table 8 do not reflect this limitation on 
net metering; the costs have been calculated assuming the annual net electric 
energy consumption values are not less than zero. The costs were listed in this 
manner for comparative purposes among the available options. 
  





































































































































































































Windows-HRV $2,184 2,735 325 $126 17.3 1,767 22.8 58 24.3 
Windows-HRV- 
2x6 Walls $4,384 2,489 325 $154 28.4 1,521 28.7 -188 27.6 
Windows-HRV- 
17.5 SEER A/C $5,265 2,305 325 $175 30.0 1,337 29.7 -372 28.3 
Windows-HRV-
20 SEER A/C $3,622 2,677 317 $142 25.5 1,709 27.1 0 26.7 
Windows-HRV- 
Floor Insulation $3,063 2,714 321 $133 23.0 1,746 25.7 37 26.0 
Windows-HRV- 
Icynene $3,159 2,582 318 $152 20.8 1,614 24.3 -95 25.1 
Windows-HRV- 

















$6,495 3,270 293 $102 63.8 2,302 45.7 593 36.4 




Table 9 lists the HERS scores and performance data of the four model homes 
at west orientations. Relative to equally-sized homes built to minimum standards, 
the four current homes models are estimated to reduce annual utility costs by 
48% and peak loads by 52% on average. High-efficiency window upgrades and 
heat recovery ventilators are estimated to reduce annual utility costs an 
additional 13% and peak loads an additional 3.6%. The installation of 3.192-kWp 
PV arrays is estimated to further reduce utility costs by 42% and peak loads by 
4.6%, relative to the current home models. The listed utility costs include monthly 
service fees. The listed estimates are based on annual data. 
 
Effects of Building Orientation 
Home performance is affected by orientation. The energy characteristics of 
the 1,487 square foot home at various orientations are listed in Table 10. 
Performance tables of the other three home models are provided in the 
Appendix.  
Without considering PV contributions, homes facing to the north consume the 
least amount of energy, while those facing east consume the most. The 
discrepancies are primarily due the location of the windows. Homes oriented with 
large window areas on south façades have lower heating loads, while those with 





















HERS reference 100 9,700 483 4.83 $1,855 
Current base model 44 3,965 313 2.52 $1,009 
With window & 
HRV efficiency 
upgrades 
35 2,735 325 2.47 $883 
With upgrades & 
3.192-kWp PV 18 58 325 2.43 $578 
















HERS reference 100 10,347 506 5.07 $1,954 
Current base model 43 3,652 324 2.25 $986 
With window & 
HRV efficiency 
upgrades 
39 2,554 334 2.25 $872 
With upgrades & 
3.192-kWp PV 25 -123 334 2.23 $568 
















HERS reference 100 11,253 554 5.56 $2,112 
Current base model 43 4,075 350 2.44 $1,064 
With window & 
HRV efficiency 
upgrades 
39 3,040 359 2.43 $956 
With upgrades & 
3.192-kWp PV 27 363 359 2.41 $652 
















HERS reference 100 11,075 515 5.36 $2,048 
Current base model 47 4,706 331 2.69 $1,114 
With window & 
HRV efficiency 
upgrades 
39 2,990 343 2.39 $932 
With upgrades & 
3.192-kWp PV 26 313 343 2.37 $628 
        
Average decrease, base model vs. HERS reference: 52.4% 47.6% 
Average decrease, base model with upgrades  vs. base model: 3.6% 12.7% 
Average decrease, base model with upgrades & 3.192-kWp array  




Homes with south-facing PV are the most capable of achieving net zero 
electric status. Homes with east- or west-facing arrays are not likely to reach net 
zero electric due to reductions in available solar radiation. 
The estimated upgrade cost for the two recommended efficiency measures is 
about $2,200. Including a 3.192-kWp PV array would add $8,300, not accounting 
for governmental incentives. While these costs are significant, the additional 
expense is minimal relative to the purchase prices of the homes, as shown in 
Table 11.  
Table 11 also lists monthly mortgages payments for each home model 
assuming 30-year mortgage loans at current 5% fixed interest rates, with 
standard down payments of 20%. If upgrade costs are wrapped into the 
mortgage loans, the additional monthly expense for window upgrades and an 
HRV is $12. The additional monthly expense of these upgrades and a 3.192-kWp 
PV array is $56. The estimated monthly savings of including these upgrade 











Table 10: Performance characteristics of 1,487 square foot home 
 based on various orientations 
Building orientation West East South South North North 
PV orientation South South East West East West 
Current home model 
Net electric consumption 
(kWh/yr) 3,965 4,009 4,344 4,230 4,380 4,266 
Gas consumption (therms/yr) 313 322 312 312 292 292 
Annual utility cost $1,009 $1,024 $1,085 $1,038 $1,033 $1,020 
Net peak electric 
consumption (kWh) 2.52 2.68 2.73 2.12 2.25 2.14 
HERS Index 44 45 48 47 45 45 
Home model with windows upgrade and HRV (Upgrade Cost: $2,184) 
Net electric consumption 
(kWh/yr) 2735 2770 3116 3003 3151 3038 
Gas consumption (therms/yr) 325 333 324 324 308 308 
Annual utility cost $883 $896 $925 $912 $911 $898 
Net peak electric 
consumption (kWh) 2.47 2.59 2.46 2.50 2.23 2.14 
HERS Index 35 35 38 38 37 36 
Home model w/ window upgrade, HRV, & 3.192-kWp PV (Upgrade Cost: $10,484) 
Net electric consumption 
(kWh/yr) 58 94 874 668 909 703 
Gas consumption (therms/yr) 325 333 324 324 308 308 
Annual utility cost 578 $591 $670 $647 $656 $632 
Net peak electric 
consumption (kWh) 2.43 2.51 2.19 2.13 2.23 2.14 
HERS Index 18 18 24 24 23 23 
 
 
Table 11: Purchase prices and monthly mortgage payments 
Home model  
square footage 
Base model  
listed purchase price 
30-year mortgage  
at 5% fixed interest 
1,487 $227,990 $979 
1,612 $241,990 $1,039 
1,758 $259,990 $1,117 
1,777 $266,990 $1,147 
 
 
Peak Power Loads 
While the PV arrays will reduce the homes’ net power loads during the 
daytime, net loads after sundown can remain relatively high. Figure 15 shows a 
time-varying plot of the current 1,487 square foot home model’s estimated 
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electric load during a peak winter day. Included in the plot are 1.764-kWp PV 
array production rates at various orientations, as well as a global horizontal 


































































Figure 15: Base electric load of 1,487 square foot home model and PV 
production rates during peak winter day. 
 
 
The home’s base load remains relatively constant throughout the day and 
peaks at less than 1.0 kWh between the hours of 7 p.m. and 8 p.m. The net load 
is the difference between the electric load and PV production plots. The loads 
and PV production rates shown are not instantaneous power readings, but rather 
cumulative energy consumption values over one hour increments. The PV 







































































Figure 16: Base electric load of 1,487 square foot home model and PV 
production rates during peak summer day. 
 
 
Plots of the same home model during a peak summer day are entirely 
different. As shown in Figure 16, the home electric load varies from less than 1.0 
kWh at 8 a.m. to more than 2.5 kWh at 4 p.m. The PV arrays are able to reduce 
the net load to nearly zero during the middle of the day, but evening net loads 
remain high. Net peak power loads occur between the hours of 7 p.m. and 8 
p.m., just after the local utility’s peak power period, which occurs from 4 p.m. to 7 
p.m.  
During sunny summer days, south-facing PV arrays produce power from 
about 6 a.m. to 6 p.m., with maximum production rates at solar noon. Arrays 
facing to the east begin and end production about one hour earlier, while those 
facing to the west do so one hour later. West-facing arrays are more capable of 
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limiting home power loads during peak hours, but have little effect after 7 p.m. on 
summer days. 
With the installation of the recommended upgrades and a 3.192-kWp PV 
array, the overall net consumption decreases, but the peak loads are nearly 
unaffected as demonstrated by Figure 17. Peak demands cannot be significantly 
further reduced with additional efficiency upgrades and larger PV arrays.  
With an improved energy management system, peak loads in the homes 
could be reduced. From the supply side, the PV arrays will require battery 
storage in order to reduce loads during late afternoons and after sunset. A 
battery storage system is currently being developed for the new community. 
 From the demand side, residents can help reduce net loads by scheduling 
non-essential tasks such as dishwashing and clothes washing to off-peak 
periods, or simply by adjusting the thermostat.  
The local utility compensates residential customers who participate in a peak 
load reduction program named Cool Share. In the homes of participating 
customers, the utility installs wireless communication modules that are able to 
receive activation signals and adjust a web-programmable thermostat. During 
summer days above 104˚F, signals are broadcast that will raise customers’ 
thermostats up to 4˚F. During a typical hot summer day, the thermostats are 
raised for three hours and customers are reimbursed $1.00. The utility estimates 
that customers will receive about $30 per year for their participation [47].  
The utility also offers a voluntary time-of-using pricing rate schedule. Under 
the program, electrical rates are raised to $0.24/kWh from 1 p.m. to 7 p.m. during 
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summer months. During all other times, rates are about $0.08/kWh, significantly 





































































Figure 17: Electric load and power generation of 1,487 square foot home model 














CONCLUSIONS AND RECOMMENDATIONS 
Reducing energy consumption with efficiency measures is extremely cost-
effective for homes built to minimum standards, but such measures may provide 
little or no economic benefits for low energy homes. The benefits gained with 
additional upgrades thus reach a plateau and offer diminishing returns on 
investment. The results of this study show that it is possible for production 
builders to construct homes that are over 50% more efficient than code-built 
homes of equal size. Future homes at the development under study should be 
equipped with higher-efficiency windows and heat recovery ventilators, but all 
other proposed efficiency options are cost-prohibitive.  
To further decrease energy consumption, larger PV arrays should be installed 
on the homes. Upgraded arrays will reduce loads more effectively than the 
majority of proposed efficiency upgrades. Taking into account available federal 
and local rebate incentives for renewable systems, the two PV array upgrades 
under consideration will carry simple payback periods of about ten years. 
When possible future utility rate increases are taken into account, the 
proposed efficiency upgrades become more appealing. But even at high annual 
rate increases, most of the upgrades are still cost-prohibitive. Upgrading attic
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insulation to R-36 spray foam could be deemed acceptable if utility rates increase 
at least 2.5% annually.  
Homeowner education will play a large role in the performance of the homes. 
Residents who are aware of energy conservation practices are more likely to 
utilize the energy-saving products in their homes. Homeowners should also be 
informed about current financial incentive programs to best take advantage of 
rebates when considering on-site renewable energy systems.  
With appropriate efficiency measures and adequately-sized PV arrays, the 
homes under study may be able to reach net zero electric status. However, 
achieving net zero electric status should be approached with caution as net 
metering regulations in Nevada do not require utilities to reimburse customers 
who send excess energy to the grid. 
Although the PV arrays are capable of eliminating power loads when sunlight 
is available, home demand can remain relatively high during cloudy days or after 
sundown. Reducing loads during summer peak hours is possible with the current 
PV systems, but net loads are nearly unaffected by the PV systems during late 
afternoons and evenings. West-facing PV arrays produce power later in the day, 
but to significantly reduce the homes’ peak summer loads, an improved energy 







Menu of Options for Energy Efficiency 
Home Energy Conservation Options 
 
Presented by 
University of Nevada, Las Vegas 
Center for Energy Research 
and 
School of Architecture 
 
April 30, 2008 
 
1. Insulation 
a. Increased R-value insulation than is currently used for same space. Consider a 
variety of forms of insulation to improve performance at moderate costs. 
b. Attic insulation 
i. Ideal: R-49, for all roof configurations 
ii. Minimum: R-38 
c. Wall insulation 
i. Ideal: R-28, for all exterior walls 
ii. Minimum: R-22 
d. Floor insulation: R-25 or greater 
e. Slab edge 
i. R-8 or greater 
ii. R-10 with full slab insulation if using a radiant floor heating system 
iii. Possible permanent insulating concrete forms 
2. Structural insulated panels (SIPs) 
a. Possible SIP insulation: expanded polystyrene (EPS), polyurethane foam, 
compressed straw or mineral wool 
3. Radiant roof barrier 
4. Enhanced HVAC controls 
a. Multiple zone systems 
b. Two or three thermostats per residence 
5. Low absorptivity roofing 
6. Raised roof battens 
7. High performance exterior doors 
8. Energy efficient windows 
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a. Spectrally selective coating 
b. Consider different types of coating depending on window orientation 
c. Modify window placement and size for low solar heat gain in summer 
d. Other aspects to improve performance 
9. Higher SEER air-conditioning 
a. Conventional systems with high SEER 
b. Water cooled condenser systems 
c. Two-stage evaporative coolers 
d. Displacement ventilation 
e. Careful unit sizing and placement of exterior equipment 
10. Higher AFUE furnace 
11. Ducting in conditioned space, carefully sealed ducting 
12. Heat exchanger for fresh air intakes, stale air outtakes 
13. Active control of standby plug loads 
14. High efficiency domestic hot water system 
a. Storage tank style or gas-fired on-demand 
b. Insulation blanket for storage tank 
c. Insulation for hot water pipes 
15. Higher efficiency appliances 
16. Exterior window shading devices 
a. East and west windows – fixed shading 
b. South windows – adjustable shading 
17. Light pipes or double dome skylights for daylighting of enclosed spaces 
18. Solar domestic water heating supplement 
a. Radiant floors coupled with SDHW for main space heating system 
19. Solar PV 
20. Energy conserving elements for fireplaces 
a. Fireplace draft plug 
21. Improved lighting efficiency systems 
a. High efficiency incandescent bulbs (General Electric; review implications of 




d. Motion detectors or simple systems for lighting controls 
e. Special attention to recessed lighting 
i. Installed with adequate insulation 
f. Attention to higher coefficient of utilization recessed lighting 




Results of Solar Domestic Hot Water Heater Study 
 
Solar Domestic Water Heaters for home energy conservation 
 
Presented by 
The Center for Energy Research at the University of Nevada, Las Vegas  
 
August 4, 2008 
 
The following recommendations for solar domestic water heaters were based on energy 
production (Solar Energy Factor, Solar Fraction, and estimated annual therms produced in Las 
Vegas) in relation to initial system cost. System type (e.g., open loop, drainback), warranty 
information, freeze tolerance limit, and company reputation were also taken into consideration. 
Performance information was compiled by the Solar Rating and Certification Corporation (SRCC). 
Products manufactured by the following companies were considered. 
 
ACR Solar International    Heliodyne, Inc.    Solene 
Butler Sun Solutions     Integrated Solar, LLC  SunEarth, Inc. 
Enerworks, Inc.      Mr. Sun Solar    TrendSetter Industries 
 
The system with the highest energy savings relative to its cost is the Solaray manufactured by 
SunEarth Inc. out of Fontana, California. The Solaray uses a 40 square foot flat-plate collector 
with an 80 gallon storage tank and connects to any conventional gas water heater. It is a closed-
loop system that uses glycol as its thermal fluid, and has a freeze tolerance limit of -60˚F. A single 
system costs $2,266 and includes the collector, storage tank, and all other parts except for the 
copper piping, pipe insulation, and fittings for the plumbing. The cost of the auxiliary gas water 
heater is not included. Tax and shipping are extra. SunEarth has been in business since 1978.   
The Solaray has been certified by the Solar Rating and Certification Corporation (SRCC) and the 
product is listed under their OG-300 certification list as number 2001001A. The SRCC estimates 
the Solaray will produce 125 therms annually in Las Vegas. SunEarth does not recommend 
connecting their system to a tankless water heater due to reliability concerns.  
The warranty information is as follows: collector – 10 years; storage tank – 6 years; pump – 1½ 
years; controller – 2 years. 
The second best performing solar domestic water heater is manufactured by Enerworks of 
Ontario, Canada. The Enerworks system costs $2,839 and includes a thermal energy monitor to 
display energy and cost savings. The SRCC estimates the Enerworks system will produce 110 
therms annually.  
A third system worth mentioning is produced by Butler Sun Solutions of Solana Beach, California. 
The Butler Sun system is nearly as cost effective as the system manufactured by Enerworks, but 
employs a one-tank system resulting in a smaller footprint than the Enerworks and SunEarth 





Utility Rates in Las Vegas, NV  
(As of March 1, 2009) 
 
NV Energy electric rates [40] 
Residential single-family 
Monthly service charge: $8.00 
Electric consumption rate: $0.108/kWh  
(Note: This rate increased to $0.11227/kWh as of 4/1/09) 
Franchise fee: additional 5% applied to monthly service charge and 
electric consumption charge 
Universal energy charge: $0.00039/kWh 
 
Southwest Gas rates [41] 
Single-family residential gas service 
Monthly service charge: $8.50 
Summer (May – October) 
First 15 therms: $1.13491/therm 
Over 15 therms: $0.94392/therm 
Winter (November – April) 
First 45 therms: $1.13491/therm 




Pertinent Data for Energy Simulations 
 Villa Trieste in Summerlin, NV 
Roma (2814-1); 1487 square feet 
Exterior Walls 
Insulation (2x4) R-13 cellulose + 1" EPS (R-4) 
Total U-value 0.061 
Insulation (2x6) R-20 cellulose + 1" EPS (R-4) 
Total U-value 0.05 
Windows 
Frames Vinyl 




Slab on grade No insulation; U-value: 0.653 
Floor over garage R-19 cellulose; U-value: 0.045 
Raised floor R-19 cellulose; U-value: 0.048 
Exterior Doors 
Front door R-7; U-value: 0.126 
Garage door R-3; U-value: 0.330 
Patio door U-value: 0.300; SHGC: 0.21 
Roof 
Insulation R-22 cellulose, sealed attic  
Tiles Concrete, Medium color 
Water Heater 
Type Tankless natural gas 
Efficiency 82% 
Furnace 
Efficiency 92 AFUE 
Capacity (Input/Output) 80/74 kBtu/hr 
Air Conditioner 
Efficiency 15 SEER 





Blower Door Test 1000 CFM at 50 Pa 
Mechanical Ventilation 60 CFM; 35.8% run-time 
Other 
Lighting 100% CFL 
Appliances GE Energy Star 
Solar 
Solar Water Heater None 
Photovoltaics 1764 Watts DC 





Pertinent Data for Energy Simulations 
Villa Trieste in Summerlin, NV 
Torino (2816-1); 1612 square feet 
Exterior Walls 
Insulation (2x4) R-13 cellulose + 1" EPS (R-4) 
Total U-value 0.061 
Insulation (2x6) R-20 cellulose + 1" EPS (R-4) 
Total U-value 0.050 
Windows 
Frames Vinyl 




Slab on grade No insulation; U-value: 0.640 
Floor over garage R-19 cellulose; U-value: 0.045 
Raised floor R-19 cellulose; U-value: 0.048 
Exterior Doors 
Front door R-7; U-value: 0.126 
Garage door R-3; U-value: 0.330 
Patio door U-value: 0.300; SHGC: 0.21 
Roof 
Insulation R-22 cellulose, sealed attic  
Tiles Concrete, Medium color 
Water Heater 
Type Tankless natural gas 
Efficiency 82% 
Furnace 
Efficiency 92 AFUE 
Capacity (Input/Output) 80/74 kBtu/hr 
Air Conditioner 
Efficiency 15 SEER 





Blower Door Test 1266 CFM at 50 Pa 
Mechanical Ventilation 60 CFM; 33.6% run-time 
Other 
Lighting 100% CFL 
Appliances GE Energy Star 
Solar 
Solar Water Heater None 
Photovoltaics 1764 Watts DC 






Pertinent Data for Energy Simulations 
Villa Trieste in Summerlin, NV 
Milano (2817-1); 1758 square feet 
Exterior Walls 
Insulation (2x4) R-13 cellulose + 1" EPS (R-4) 
Total U-value 0.061 
Insulation (2x6) R-20 cellulose + 1" EPS (R-4) 
Total U-value 0.050 
Windows 
Frames Vinyl 




Slab on grade No insulation; U-value: 0.598 
Floor over garage R-19 cellulose; U-value: 0.045 
Raised floor R-19 cellulose; U-value: 0.048 
Exterior Doors 
Front door R-7; U-value: 0.126 
Garage door R-3; U-value: 0.330 
Patio door U-value: 0.300; SHGC: 0.21 
Roof 
Insulation R-22 cellulose, sealed attic  
Tiles Concrete, Medium color 
Water Heater 
Type Tankless natural gas 
Efficiency 82% 
Furnace 
Efficiency 92 AFUE 
Capacity (Input/Output) 80/74 kBtu/hr 
Air Conditioner 
Efficiency 15 SEER 





Blower Door Test 1300 CFM at 50 Pa 
Mechanical Ventilation 60 CFM; 32.2% run-time 
Other 
Lighting 100% CFL 
Appliances GE Energy Star 
Solar 
Solar Water Heater None 
Photovoltaics 1764 Watts DC 







Pertinent Data for Energy Simulations 
Villa Trieste in Summerlin, NV 
Venezia (2817-2); 1777 square feet 
Exterior Walls 
Insulation (2x4) R-13 cellulose + 1" EPS (R-4) 
Total U-value 0.061 
Insulation (2x6) R-20 cellulose + 1" EPS (R-4) 
Total U-value 0.050 
Windows 
Frames Vinyl 




Slab on grade No insulation; U-value: 0.645 
Floor over garage R-19 cellulose; U-value: 0.044 
Raised floor R-19 cellulose; U-value: 0.053 
Exterior Doors 
Front door R-7; U-value: 0.126 
Garage door R-3; U-value: 0.330 
Patio door U-value: 0.300; SHGC: 0.21 
Roof 
Insulation R-22 cellulose, sealed attic  
Tiles Concrete, Medium color 
Water Heater 
Type Tankless natural gas 
Efficiency 82% 
Furnace 
Efficiency 92 AFUE 
Capacity (Input/Output) 80/74 kBtu/hr 
Air Conditioner 
Efficiency 15 SEER 





Blower Door Test 1322 CFM at 50 Pa 
Mechanical Ventilation 60 CFM; 46.4% run-time 
Other 
Lighting 100% CFL 
Appliances GE Energy Star 
Solar 
Solar Water Heater None 
Photovoltaics 1764 Watts DC 
Inverter 2800 Watts, 94% efficiency 
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All Possible Energy Efficiency Combinations for 1,487 Square-Foot Model Home 
Upgrade Matrix PV Production (kWh): 1.764 kWp 3305    
Plan 1487 - West Orientation 2.280 kWp 4273    
 3.192 kWp 5982    



















































































































































































































































































          
        $0 7270 313 $1,009   $110 29.05 $305 27.25 
1        $122 7162 312 $996 $13 9.09 $124 26.88 $318 26.48 
 1       $2,200 7002 313 $979 $30 72.14 $141 38.39 $335 31.33 
  1      $3,081 6801 313 $956 $53 57.73 $164 38.41 $358 31.79 
   1     $2,062 6177 326 $900 $110 18.81 $220 23.94 $414 25.01 
    1    $1,438 7222 306 $996 $13 107.25 $124 37.54 $318 30.62 
     1   $879 7252 309 $1,003 $7 133.50 $117 34.95 $311 29.50 
      1  $975 7143 306 $987 $22 43.54 $133 31.50 $327 28.36 
       1 $232 7225 317 $1,009 $1 399.37 $111 30.99 $305 27.96 
1 1       $2,322 6909 312 $967 $42 55.01 $152 36.24 $347 30.63 
1  1      $3,203 6721 312 $946 $64 50.36 $174 36.85 $368 31.24 
1   1     $2,184 6040 325 $883 $126 17.29 $236 22.77 $431 24.33 
1    1    $1,560 7113 304 $981 $28 55.55 $138 34.43 $333 29.64 
1     1   $1,001 7143 308 $989 $20 49.76 $130 32.25 $325 28.64 
1      1  $1,097 7034 304 $972 $37 29.59 $147 29.19 $342 27.50 
1       1 $354 7114 315 $994 $15 22.87 $126 28.29 $320 27.04 
 1  1     $4,262 5914 326 $870 $140 30.54 $250 29.88 $444 28.28 
 1   1    $3,638 6960 306 $966 $43 84.17 $153 44.58 $348 34.32 
 1    1   $3,079 6986 309 $972 $37 83.55 $147 42.72 $341 33.32 
 1     1  $3,175 6892 306 $958 $51 62.31 $161 39.57 $356 32.27 
 1      1 $2,432 6964 317 $979 $30 80.32 $140 40.11 $335 32.05 
  1 1     $5,143 5718 326 $847 $162 31.78 $272 30.67 $466 28.82 
  1  1    $4,519 6764 306 $944 $66 68.97 $176 43.94 $370 34.63 
  1   1   $3,960 6787 309 $950 $60 66.56 $170 42.21 $364 33.67 
  1    1  $4,056 6704 306 $937 $72 56.06 $182 39.76 $377 32.78 
  1     1 $3,313 6769 317 $957 $52 63.14 $163 40.05 $357 32.52 
   1 1    $3,500 6120 318 $884 $125 27.96 $235 28.47 $430 27.45 
   1  1   $2,941 6155 322 $893 $117 25.21 $227 27.08 $421 26.68 
   1   1  $3,037 6022 319 $874 $135 22.46 $245 25.42 $440 25.78 
   1    1 $2,294 6115 330 $897 $112 20.46 $222 24.72 $417 25.42 
    1 1   $2,317 7206 302 $989 $20 117.23 $130 42.47 $324 32.73 
    1  1  $2,413 7095 298 $972 $37 65.32 $147 38.16 $342 31.36 
    1   1 $1,670 7176 309 $994 $15 109.60 $125 38.84 $320 31.17 
     1 1  $1,854 7125 302 $980 $29 63.98 $139 36.33 $334 30.44 
     1  1 $1,111 7207 312 $1,001 $8 133.85 $118 36.40 $313 30.08 
      1 1 $1,207 7104 306 $982 $27 44.98 $137 32.17 $331 28.68 
1 1  1     $4,384 5794 325 $855 $154 28.41 $264 28.67 $459 27.64 
1 1   1    $3,760 6867 304 $953 $56 67.05 $166 41.87 $361 33.44 
1 1    1   $3,201 6893 308 $961 $49 65.91 $159 40.33 $353 32.56 
1 1     1  $3,297 6799 304 $945 $64 51.67 $174 37.35 $368 31.48 
1 1      1 $2,554 6869 315 $966 $43 58.90 $154 37.48 $348 31.19 
1  1 1     $5,265 5610 325 $834 $175 30.04 $285 29.66 $480 28.27 

























































































































































































































































1  1   1   $4,082 6706 308 $939 $70 58.44 $180 40.46 $374 33.07 
1  1    1  $4,178 6624 304 $925 $84 49.90 $194 38.06 $388 32.13 
1  1     1 $3,435 6686 315 $945 $64 53.52 $174 38.06 $369 31.82 
1   1 1    $3,622 5982 317 $867 $142 25.50 $252 27.05 $447 26.69 
1   1  1   $3,063 6019 321 $876 $133 22.99 $243 25.73 $438 25.95 
1   1   1  $3,159 5887 318 $858 $152 20.82 $262 24.29 $456 25.11 
1   1    1 $2,416 5978 329 $880 $129 18.75 $239 23.50 $433 24.72 
1    1 1   $2,439 7095 300 $975 $35 70.36 $145 38.94 $339 31.65 
1    1  1  $2,535 6989 297 $959 $50 50.56 $160 35.78 $355 30.54 
1    1   1 $1,792 7067 307 $979 $30 59.91 $140 35.64 $335 30.17 
1     1 1  $1,976 7017 300 $966 $44 45.39 $154 33.68 $348 29.52 
1     1  1 $1,233 7096 311 $987 $22 55.89 $132 33.53 $327 29.18 
1      1 1 $1,329 6999 305 $969 $40 33.29 $150 30.18 $345 27.95 
 1  1 1    $5,700 5864 318 $855 $154 36.94 $264 33.65 $459 30.51 
 1  1  1   $5,141 5895 322 $863 $146 35.16 $256 32.53 $451 29.81 
 1  1   1  $5,237 5778 319 $846 $163 32.14 $273 30.89 $468 28.95 
 1  1    1 $4,494 5859 330 $868 $141 31.81 $251 30.60 $446 28.69 
 1   1 1   $4,517 6946 302 $960 $49 91.53 $160 48.38 $354 36.21 
 1   1  1  $4,613 6851 298 $945 $65 71.29 $175 44.68 $369 34.96 
 1   1   1 $3,870 6921 309 $965 $44 87.45 $154 45.79 $349 34.88 
 1    1 1  $4,054 6876 302 $952 $57 70.74 $167 43.32 $362 34.13 
 1    1  1 $3,311 6948 312 $971 $38 87.66 $148 44.02 $342 33.91 
 1     1 1 $3,407 6845 302 $948 $61 55.99 $171 38.64 $365 32.03 
  1 1 1    $6,581 5672 318 $833 $176 37.36 $286 34.16 $481 30.95 
  1 1  1   $6,022 5700 322 $841 $168 35.76 $279 33.10 $473 30.28 
  1 1   1  $6,118 5594 319 $825 $184 33.27 $294 31.69 $489 29.51 
  1 1    1 $5,375 5669 330 $846 $163 33.00 $273 31.41 $468 29.25 
  1  1 1   $5,398 6751 302 $938 $72 75.46 $182 47.32 $376 36.42 
  1  1  1  $5,494 6667 298 $924 $86 64.15 $196 44.40 $390 35.35 
  1  1   1 $4,751 6730 309 $943 $66 72.00 $176 45.14 $371 35.22 
  1   1 1  $4,935 6654 294 $918 $92 53.85 $202 40.31 $396 33.40 
  1   1  1 $4,192 6717 305 $937 $72 58.22 $182 40.58 $377 33.17 
  1    1 1 $4,288 6639 299 $922 $88 48.90 $198 37.85 $392 32.09 
   1 1 1   $4,379 6101 314 $877 $132 33.21 $242 31.31 $437 29.05 
   1 1  1  $4,475 5966 311 $859 $151 29.70 $261 29.43 $455 28.06 
   1 1   1 $3,732 6058 322 $882 $128 29.22 $238 29.14 $432 27.83 
   1  1 1  $3,916 6003 315 $867 $142 27.60 $252 28.23 $447 27.36 
   1  1  1 $3,173 6095 326 $890 $119 26.68 $229 27.82 $424 27.09 
   1   1 1 $3,269 5974 320 $870 $140 23.43 $250 25.91 $444 26.05 
    1 1 1  $3,292 7079 294 $966 $43 76.04 $153 42.31 $348 33.32 
    1 1  1 $2,549 7159 305 $987 $22 117.42 $132 43.60 $326 33.25 
    1  1 1 $2,645 7057 299 $969 $40 65.91 $150 38.89 $345 31.75 
     1 1 1 $2,086 7088 302 $976 $33 62.86 $143 36.88 $338 30.75 
1 1  1 1    $5,822 5742 317 $840 $169 34.38 $279 32.28 $474 29.80 
1 1  1  1   $5,263 5775 321 $848 $161 32.68 $271 31.21 $466 29.13 
1 1  1   1  $5,359 5658 318 $831 $178 30.15 $288 29.73 $482 28.32 
1 1  1    1 $4,616 5739 329 $853 $156 29.58 $266 29.36 $461 28.04 
1 1   1 1   $4,639 6851 300 $947 $62 74.31 $173 45.42 $367 35.25 
1 1   1  1  $4,735 6745 293 $927 $82 57.43 $193 41.20 $387 33.68 
1 1   1   1 $3,992 6813 303 $946 $63 63.01 $173 41.45 $368 33.40 

























































































































































































































































1 1    1  1 $3,433 6854 311 $960 $50 69.21 $160 41.52 $354 33.12 
1 1     1 1 $3,529 6753 301 $937 $72 48.71 $183 36.85 $377 31.37 
1  1 1 1    $6,703 5563 317 $820 $190 35.33 $300 33.03 $494 30.35 
1  1 1  1   $6,144 5592 321 $827 $182 33.79 $292 32.00 $486 29.69 
1  1 1   1  $6,240 5488 318 $812 $197 31.66 $307 30.72 $502 28.98 
1  1 1    1 $5,497 5561 329 $833 $176 31.18 $286 30.36 $481 28.69 
1  1  1 1   $5,520 6668 300 $926 $83 66.31 $193 45.09 $388 35.63 
1  1  1  1  $5,616 6589 289 $904 $105 53.62 $215 41.03 $409 34.00 
1  1  1   1 $4,873 6649 307 $932 $77 62.90 $188 43.03 $382 34.48 
1  1   1 1  $5,057 7017 300 $966 $44 116.15 $154 53.73 $348 38.37 
1  1   1  1 $4,314 7096 311 $987 $22 195.50 $132 56.83 $327 38.61 
1  1    1 1 $4,410 6999 305 $969 $40 110.48 $150 50.71 $345 36.89 
1   1 1 1   $4,501 5961 313 $860 $149 30.22 $259 29.72 $454 28.22 
1   1 1  1  $4,597 5829 310 $842 $167 27.46 $278 28.09 $472 27.32 
1   1 1   1 $3,854 5921 321 $865 $144 26.68 $255 27.71 $449 27.07 
1   1  1 1  $4,038 5865 313 $849 $160 25.26 $270 26.81 $464 26.56 
1   1  1  1 $3,295 5957 324 $872 $137 24.07 $247 26.29 $442 26.26 
1   1   1 1 $3,391 5837 318 $852 $157 21.55 $268 24.64 $462 25.31 
1    1 1 1  $3,414 6972 293 $953 $57 60.31 $167 39.66 $361 32.43 
1    1 1  1 $2,671 7050 303 $973 $36 73.42 $147 40.07 $341 32.17 
1    1  1 1 $2,767 6950 297 $955 $55 50.70 $165 36.22 $359 30.81 
1     1 1 1 $2,208 7028 299 $966 $43 50.86 $154 35.22 $348 30.19 
 1  1 1 1   $6,579 5846 314 $848 $161 40.89 $271 36.08 $466 31.96 
 1  1 1  1  $6,675 5727 311 $831 $178 37.53 $288 34.29 $482 31.04 
 1  1 1   1 $5,932 5809 322 $853 $156 38.02 $266 34.31 $461 30.90 
 1  1  1 1  $6,116 5760 315 $840 $170 36.07 $280 33.31 $474 30.40 
 1  1  1  1 $5,373 5842 326 $861 $148 36.37 $258 33.25 $452 30.23 
 1  1   1 1 $5,469 5735 320 $842 $167 32.80 $277 31.31 $471 29.21 
 1   1 1 1  $5,492 6836 294 $938 $71 77.41 $181 48.00 $376 36.72 
 1   1 1  1 $4,749 6906 305 $959 $50 94.05 $161 49.48 $355 36.75 
 1   1  1 1 $4,845 6818 299 $942 $67 71.96 $177 45.33 $372 35.34 
 1    1 1 1 $4,286 6845 302 $948 $61 70.45 $171 43.78 $365 34.44 
  1 1 1 1   $7,460 5656 314 $827 $183 40.87 $293 36.42 $487 32.35 
  1 1 1  1  $7,556 5549 311 $811 $198 38.14 $308 34.89 $503 31.54 
  1 1 1   1 $6,813 5623 322 $832 $177 38.45 $287 34.85 $482 31.37 
  1  1 1 1  $6,373 6654 294 $918 $92 69.53 $202 47.44 $396 37.03 
  1  1 1  1 $5,630 6717 305 $937 $72 78.19 $182 48.48 $377 36.99 
  1   1 1 1 $5,167 6663 302 $928 $82 63.36 $192 43.65 $386 34.87 
   1 1 1 1  $5,354 5945 307 $852 $158 33.98 $268 31.95 $462 29.54 
   1 1 1  1 $4,611 6038 318 $875 $135 34.28 $245 31.93 $439 29.40 
   1 1  1 1 $4,707 5916 312 $854 $155 30.33 $265 29.80 $460 28.29 
   1  1 1 1 $4,148 5953 315 $862 $148 28.11 $258 28.51 $452 27.53 
    1 1 1 1 $3,524 7041 295 $963 $46 75.81 $157 42.93 $351 33.68 
1 1  1 1 1   $6,701 5724 313 $833 $176 38.09 $286 34.61 $481 31.22 
1 1  1 1  1  $6,797 5607 310 $817 $193 35.28 $303 33.02 $497 30.36 
1 1  1 1   1 $6,054 5689 321 $838 $171 35.44 $281 32.94 $475 30.19 
1 1  1  1 1  $6,238 5639 313 $824 $186 33.61 $296 31.91 $490 29.66 
1 1  1  1  1 $5,495 5721 324 $845 $164 33.55 $274 31.74 $468 29.45 
1 1  1   1 1 $5,591 5615 318 $827 $183 30.61 $293 30.02 $487 28.51 
1 1   1 1 1  $5,614 6745 293 $927 $82 68.10 $193 45.77 $387 35.95 

























































































































































































































































1 1    1 1 1 $4,408 6753 301 $937 $72 60.85 $183 41.67 $377 33.70 
1  1 1 1 1   $7,582 5546 313 $813 $196 38.65 $306 35.20 $501 31.71 
1  1 1 1  1  $7,678 5441 310 $798 $212 36.30 $322 33.82 $516 30.96 
1  1 1 1   1 $6,935 5515 321 $819 $191 36.38 $301 33.70 $495 30.76 
1  1 1  1 1  $7,119 5469 313 $804 $205 34.74 $315 32.75 $510 30.26 
1  1 1  1  1 $6,376 5544 324 $825 $184 34.67 $294 32.57 $489 30.04 
1  1 1   1 1 $6,472 5448 318 $808 $202 32.10 $312 31.02 $506 29.18 
1  1  1 1 1  $6,495 6575 293 $907 $102 63.82 $212 45.75 $406 36.41 
1  1  1 1  1 $5,752 6636 303 $926 $83 68.90 $194 46.23 $388 36.21 
1  1   1 1 1 $5,289 6583 301 $917 $92 57.62 $202 42.04 $396 34.28 
1   1 1 1 1  $5,476 5808 306 $835 $174 31.42 $284 30.50 $479 28.77 
1   1 1 1  1 $4,733 5900 316 $857 $152 31.04 $263 30.21 $457 28.51 
1   1  1 1 1 $4,270 5816 314 $845 $164 25.99 $274 27.22 $469 26.81 
1    1 1 1 1 $3,646 6934 293 $948 $61 59.84 $171 40.02 $366 32.68 
 1  1 1 1 1  $7,554 5709 307 $825 $184 40.96 $295 36.51 $489 32.42 
 1  1 1 1  1 $6,811 5791 318 $847 $163 41.88 $273 36.70 $467 32.34 
 1  1 1  1 1 $6,907 5683 312 $827 $182 38.01 $292 34.63 $486 31.27 
 1  1  1 1 1 $6,348 5716 315 $835 $175 36.37 $285 33.54 $479 30.57 
 1   1 1 1 1 $5,724 6804 295 $936 $73 77.93 $184 48.61 $378 37.09 
  1 1 1 1 1  $8,435 5532 307 $805 $205 41.23 $315 36.97 $509 32.87 
  1 1 1 1  1 $7,692 5606 318 $826 $184 41.88 $294 37.07 $488 32.75 
  1  1 1 1 1 $6,605 6626 295 $915 $94 70.49 $204 48.10 $398 37.42 
   1 1 1 1 1 $5,586 5895 308 $847 $162 34.45 $272 32.27 $467 29.75 
1 1  1 1 1 1  $7,676 5588 306 $810 $199 38.51 $309 35.14 $504 31.70 
1 1  1 1 1  1 $6,933 5670 316 $831 $179 38.81 $289 35.09 $483 31.52 
1 1  1  1 1 1 $6,470 5596 314 $820 $189 34.17 $299 32.29 $494 29.90 
1 1   1 1 1 1 $5,846 6713 293 $923 $86 67.92 $196 46.10 $391 36.21 
1  1 1 1 1 1  $8,557 5423 306 $791 $218 39.23 $328 35.82 $523 32.25 
1  1 1 1 1  1 $7,814 5498 316 $811 $198 39.42 $308 35.72 $503 32.05 
1  1 1  1 1 1 $7,351 5431 314 $801 $208 35.32 $318 33.15 $513 30.53 
1  1  1 1 1 1 $6,727 6548 293 $904 $105 64.16 $215 46.17 $409 36.70 
1   1 1 1 1 1 $5,708 5759 306 $829 $180 31.73 $290 30.72 $484 28.91 
 1  1 1 1 1 1 $7,786 5665 308 $821 $188 41.35 $298 36.81 $493 32.63 
  1 1 1 1 1 1 $8,667 5492 308 $801 $208 41.67 $318 37.30 $513 33.10 
1 1  1 1 1 1 1 $7,908 5545 306 $805 $204 38.72 $314 35.33 $509 31.85 






































































































































































































Windows-HRV $2,190 2,554 334 $114 19.3 1,586 24.1 -123 25.1 
Windows-HRV- 
2x6 Walls $4,390 2,300 334 $142 30.8 1,332 30.0 -377 28.4 
Windows-HRV-
17.5SEER A/C $5,271 2,110 334 $164 32.1 1,142 30.9 -567 29.0 
Windows-HRV-
20 SEER A/C $4,451 2,476 325 $133 33.6 1,508 31.5 -201 29.2 
Windows-HRV- 
Floor Insulation $2,803 2,539 331 $119 23.6 1,571 26.2 -138 26.2 
Windows-HRV- 





















$6,950 2,964 301 $104 66.6 1,996 47.3 287 37.3 






































































































































































































Windows-HRV $2,218 3,040 359 $108 20.6 2,072 24.9 363 25.5 
Windows-HRV- 
2x6 Walls $4,732 2,766 359 $139 34.1 1,798 31.8 89 29.4 
Windows-HRV-
17.5SEER A/C $5,739 2,562 359 $162 35.4 1,594 32.9 -115 30.1 
Windows-HRV- 
20SEER A/C $4,897 2,961 349 $128 38.3 1,993 34.0 284 30.5 
Windows-HRV- 
Floor Insulation $3,000 3,023 356 $113 26.6 2,055 27.8 346 27.1 
Windows-HRV- 





















$8,067 3,329 325 $113 71.2 2,361 50.4 652 39.2 






































































































































































































Windows-HRV $2,205 2,990 343 $182 12.1 2,022 18.5 313 21.6 
Windows-HRV- 
2x6 Walls $4,719 2,730 343 $211 22.4 1,762 24.6 53 25.2 
Windows-HRV-
17.5SEER A/C $5,726 2,535 343 $233 24.5 1,567 26.0 -142 26.1 
Windows-HRV- 
20SEER A/C $4,786 2,909 334 $201 23.8 1,941 25.7 232 25.9 
Windows-HRV- 
Floor Insulation $2,968 2,970 339 $188 15.8 2,002 20.7 293 22.9 
Windows-HRV- 








$6,726 2,414 336 $255 26.4 1,446 27.2 -263 26.8 
Windows-HRV- 









$8,008 3,990 306 $110 72.9 3,022 51.0 1313 39.4 






Performance Characteristics of 1,612 Square Foot Home  
Based on Various Orientations 
Building orientation West East South South North North 
PV orientation South South East West East West 
Current home model 
Net electric consumption 
(kWh/yr) 3,652 3,693 4,082 3,969 4,106 3,993 
Gas consumption (therms/yr) 324 334 321 321 314 314 
Annual utility cost $986 $1,002 $1,032 $1,019 $1,026 $1,014 
Net peak electric 
consumption (kWh) 2.25 2.67 2.28 2.21 2.31 2.23 
HERS Index 43 44 47 46 45 45 
Home model with window upgrade and HRV (Upgrade Cost: $2,190) 
Net electric consumption 
(kWh/yr) 2,554 2,586 2,977 2,864 3,002 2,889 
Gas consumption (therms/yr) 334 345 332 332 327 327 
Annual utility cost $872 $889 $918 $905 $916 $903 
Net peak electric 
consumption (kWh) 2.25 2.29 2.28 2.21 2.30 2.24 
HERS Index 39 39 42 41 41 40 
Home model with window upgrade, HRV, & 3.192-kWp PV (Upgrade Cost: $10,490) 
Net electric consumption 
(kWh/yr) -122 -90 735 529 760 554 
Gas consumption (therms/yr) 334 345 332 332 327 327 
Annual utility cost $568 $584 $663 $640 $660 $637 
Net peak electric 
consumption (kWh) 2.23 2.25 2.27 2.21 2.30 2.24 























Performance Characteristics of 1,758 Square Foot Home  
Based on Various Orientations 
Building orientation West East South South North North 
PV orientation South South East West East West 
Current home model 
Net electric consumption 
(kWh/yr) 4,075 4,130 4,500 4,387 4,517 4,404 
Gas consumption (therms/yr) 350 359 346 346 335 335 
Annual utility cost $1,064 $1,080 $1,108 $1,095 $1,097 $1,084 
Net peak electric 
consumption (kWh) 2.44 2.50 2.48 2.40 2.48 2.41 
HERS Index 43 43 47 46 45 45 
Home model with window upgrade and HRV (Upgrade Cost: $2,218) 
Net electric consumption 
(kWh/yr) 3,040 3,083 3,452 3,339 3,471 3,358 
Gas consumption (therms/yr) 359 368 356 356 348 348 
Annual utility cost $956 $971 $1,000 $987 $993 $980 
Net peak electric 
consumption (kWh) 2.43 2.47 2.47 2.40 2.47 2.41 
HERS Index 39 39 42 42 41 41 
Home model with window upgrade, HRV, & 3.192-kWp PV (Upgrade Cost: $10,505) 
Net electric consumption 
(kWh/yr) 363 407 1,210 1,004 1,229 1,023 
Gas consumption (therms/yr) 359 368 356 356 348 348 
Annual utility cost $652 $667 $745 $721 $738 $714 
Net peak electric 
consumption (kWh) 2.41 2.43 2.46 2.40 2.47 2.41 




Performance Characteristics of 1,777 Square Foot Home  
Based on Various Orientations 
Building orientation West East South South North North 
PV orientation South South East West East West 
Current home model 
Net electric consumption 
(kWh/yr) 4706 4763 5169 5056 5172 5059 
Gas consumption (therms/yr) 331 332 326 326 316 316 
Annual utility cost $1,114 $1,122 $1,161 $1,148 $1,150 $1,137 
Net peak electric 
consumption (kWh) 2.69 2.45 2.45 2.41 2.43 2.41 
HERS Index 47 47 50 50 49 48 
Home model with window upgrade and HRV (Upgrade Cost: $2,205) 
Net electric consumption 
(kWh/yr) 2990 3045 3438 3325 3449 3336 
Gas consumption (therms/yr) 343 344 338 338 330 330 
Annual utility cost $932 $940 $978 $965 $970 $957 
Net peak electric 
consumption (kWh) 2.39 2.43 2.43 2.38 2.42 2.37 
HERS Index 39 39 42 42 41 41 
Home model with window upgrade, HRV, & 3.192-kWp PV (Upgrade Cost: $10,505) 
Net electric consumption 
(kWh/yr) 313 369 1196 990 1207 1001 
Gas consumption (therms/yr) 343 344 338 338 330 330 
Annual utility cost $628 $635 $722 $699 $715 $691 
Net peak electric 
consumption (kWh) 2.37 2.40 2.43 2.38 2.42 2.37 
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